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THfs  aocierv  does  mot  hold  itself  responsible  for  the  opinions  of  its  members. 


The  twenty-second  annual  meeting  of  the  Engineers^ 
Society  of  Western  Pennsylvania  was  held  in  the  lecture  room 
of  the  Society's  house,  410  Penn  Avenue,  Pittsburg,  Pa., 
Tuesday  evening,  January  21st,  1902,  Mr.  H.  W.  Fisher  being 
in  the  chair  and  forty  members  and  visitors  being  present. 

Among  those  present  were  the  following  Past  Presidents: 
William  Metcalf,  E.  B.  Taylor,  T.  P.  Roberts,  T.  H.  John- 
son, Charles  Davis,  Emil  Swensson  and  William  A.  Bole. 

The  meeting  was  called  to  order  at  8.45  o^clock,  and  the 
minutes  of  the  preceding  annual  meeting  were  read  and  ap- 
proved. 

The  following  reports  were  read: 

REPORT  OF  TREASURER  FOR  YEAR  ENDING  JANUARY 

21,  1902. 
Jan.  15,  1901. 

To  balance $    745  59 

RECEIPTS.  ' 

Dues  to  January,  1899,  at  $7  00,                2 $  14  00 

"            '*        1900,  at  5  00,                1 5  00 

'*        1900,  at  7  00,                7 49  00 

"^           "        1901,  at  5  00,                7 35  00 

1901,  at  7  00,              22 154  00 

1901,  at  7  00,  f  year,   2 10  50 

"           "        1901,  at  7  00,  t  year,   1 175 

"        1902,  at  5  00,  59 295  00 

"  "        1902,  at  7  00,  282 1,974  OQ 

1902,  at  5  00,  i  year,   2 7  50 

1902,  at  7  00,     282 115  5a 

"     "   1902,  at  7  00,  i  year,  2 7  00 

"   1902,  at  7  00,  i  year,  19 33  26 

1902,  at  5  00,       5 26  00 

1902,  at  7  00,      26 182  00 
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Initiation  fees  (82) 410  00 

Rent 906  00 

Sale  of  Proceedinga 370  07 

Advertising  in  Proceedings 98  00 

Special  contribution  to  library 3  00 

Received  on  account 7  25 

$4,702  82 

$5,448  41 

EXPENDITUBE8. 

Salary  of  Secretary $    600  00 

Rent 1,545  00 

Office  expenses 269  34 

Stenographer 147  50 

Printing 1,262  55 

Illustrations  in  Proceedings 121  45 

Commissions 28  80 

Repairs  and  improvements 87  28 

Periodicals 18  90 

Gas 165  37 

Water 55  13 

Insurance 20  00 

Miscellaneous.. 1  71 

^4  323  OR 

Balance,  January  15,  1902 l',125  38 

$5,448  41 

Amount  on  hand  as  Special  Lunch  Fund $       14  74 

"  '*     deposit  for  keys 25  00 

"     Building  Fund 1,119  07 

1,158  81 

Total  balance,  January  21,  1902 $2,284  19 

A.  E.  Fhost,  Treamrer. 

We  hereby  certify  that  we  have  examined  the  above  accounts  for  the 
year  1901,  and  found  them  to  be  correct. 

H.  J.  Lewis, 
Chas.  Davis, 

Auditing  Committee. 

January  13,  1902. 
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ANNUAL   MEETING.  3 

REPORT  OF  SECRETARY  FOR  YEAR  ENDING  JAN.  21,  1902. 

Members  at  close  of  year  ending  Jan.  15,  1901 410 

At  the  annual  meeting,  January  15,  1901,  there  were  six  (6)  names 
dropped  from  the  roll ? 5 

There  were  thirteen  (13)  resignations,  and  one  (1)  death  during  the 
year 14 

A  total  loss  of 20 

During  the  year  two  (2)  of  the  applicants  elected  in  1890  matricu- 
lated       2 

During  the  year  ninty-two  (92)  applicants  were  elected  members  of 
the  Society,  and  of  these  seventy-eight  (78)  matriculated 78 

A  total  gain  of 80 

Making  a  net  gain  of 60 

The  total  membership,  January  21,  1902,  being 470 

The  average  attendance  at  the  regular  meetings  of  the  Society  during 
the  year  was  forty-five  (45). 

C.  W.  RiDINOERf 

Secretary, 
REPORT  OF  BOARD  OF  DIREC?nON. 

The  Board  of  Direction  recommends  the  expulsion  of  the 
following  members  for  non-payment  of  dues,  the  Secretary- 
having  made  every  reasonable  effort  to  collect  the  dues  and 
having  notified  the  members  of  the  intended  action  of  the 
Society :  Messrs.  C.  W.  Ehlers,  E.  D.  Frohman,  H.  J.  Hohl, 
J.  E.  Porter,  R.  A.  Rowland  and  Paul  S.  Whitman. 

It  was  voted  that  the  reports  of  the  Treasurer  and  Secre- 
tary be  received  and  filed,  and  that  the  names  as  recommended 
by  the  Board  of  Direction  be  stricken  from  the  list  of  members. 

The  following  gentlemen,  reported  by  the  Nominating 
Committee  at  the  December  meeting,  were  unanimously 
elected:  President  (one  year),  Charles  F.  Scott;  Vice-Presi- 
dent (two  years),  Chester  B.  Albree;  Directors  (two  years), 
C.  B.  Connelly  and  Charles  Hyde;  Secretary  (one  year), 
Charles  W.  Ridinger;  Treasurer  (one  year),  A.  E.  Frost. 

The  address  of  the  retiring  President  is  appended  to  these 
minutes. 

On  motion,  the  meeting  adjourned  at  10.20  P.  M. 

C.   W.  RiDINOEB, 

Secretary. 
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REGULAR  MEETING. 

The  two  hundred  and  twenty-first  regular  monthly  meet- 
ing of  the  Engineers'  Society  of  Western  Pennsylvania  was 
held  in  the  Lecture  Room  of  the  Society's  house,  410  Penn 
Ave.,  Pittsburg,  Pa.,  Tuesday  evening  Jan.  21st,  1902,  at 
10:20  P.  M.,  the  newly  elected  President,  Mr.  C.  F.  Scott, 
being  in  the  chair,  and  thirty-eight  (38)  members  and  visitors 
present. 

The  minutes  of  the  preceding  meeting  were  read,  amended 
and  approved. 

The  Board  of  Direction  reported  the  names  of  eleven  (11) 
applicants  for  membership  that  had  been  approved,  and  were 
to  be  voted  for  at  the  next  regular  meeting. 

The  following  applicants  were  then  balloted  for,  and  duly 
elected  to  membership: 


CHARLES  M.  CLARKE, 


SAMUEL  E.  CLARCKSON, 


OTTO  EISENSCHIML,    - 
FRANK  IRELAND  ELLIS, 


CTRTLAND  C.  GARDNER,  - 


CHARLIES  H.  GARLIC, 


FREDERICK  H.  N.  GERWIG, 


-    Patent  Attorney, 

433  Fifth  Ave.,  Pittsburg,  Pa.,  h., 
717  Ivy  Street,  Pittsburg,  Pa. 

Construction  Engineer, 

Jones  &  Laughlins,  Ltd.,  Pittsburg, 
Pa.  h.,  329  Lawn  Street,  Pittsburg, 
Pa. 

-  Chemist, 

Carrie  Furnace,  Rankin,  Pa. 

Mechanical  Engineer, 
With  Frank-Kneeland  Machine  Co. 
Pittsburg,    Pa.,    h..    Sixth   Street, 
Aspinwall,  Pa. 

-  Contracting  Engineer, 

L^ited  Eng.  and  Foundry  Co.,  54th 
St.,  and  A.  V.  R.  R.,  Pittsburg,  Pa. 

Mechanical  Expert, 

With  Atlantic  Refining  Co.,  'Pitts- 
burg, Pa.,  h.,  164  Lafayette  St.,  Pitts- 
burg, Pa. 

-    Steam  Engineer, 

Duquesne  Steel  Works,  Duquesne, 
Pa.,  h.,  507  Franklin  Ave.,  Wilkins- 
burg.  Pa. 
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WALTER  SCHMIDT, 


DAVID  YOUNGS  SWATY, 


EDWARD  JAMES  TAYLOR, 


FRANK  B.  WARD, 


Draughtsman, 
Westinghouse  Elec.  &  Mfg.  Co.,  East 
Pittsburg,  Pa.,  h.,    421  Denniston 
Ave.,  Pittsbui^g,  Pa. 

Civil  Engineer, 
Penn'a   Lines   West  of   Pittebui^, 
Chief  Engineer's  Office,  1013  Penn 
Avenue,  Pittsburg,  Pa. 

-    Civil  Mining  Engineer, 

Chief  Engineer,  Pittsbui^  Coal  Co., 
Pittsburg,  Pa.,  h.,  229  North  Craig 
Street,  Pittsburg,  Pa. 

Manager, 

Pittsburg  Office,  Niles  Tool  Works 
Co.,  Bement,  Miles  &  Co.,  Pond  Ma- 
chine Co.,  1118  Carnegie  Building, 
Pittsburg,  Pa. 

On  motion  of  Prof.  F.  C.  Phillips  the  President  was  di- 
rected to  appoint  a  Reception  Committee  for  the  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  to  be 
held  in  Pittsburg,  June  28,  1 902. 

The  President  appointed  the  following  members  to  act  on 
this  Committee: — 

Messrs.,  Charles  F.  Scott,  Chairman,  Geo.  A.  Macbeth, 
H.  W.  Fisher,  Emil  Swensson,  Prof.  S.  M*  Kintner,  Dr. 
K.  F.  Stahl,  Jas.  M.  Camp,  Dr.  F.  C.  Phillips,  A.  G.  McKenna, 
and  Jas.  O.  Handy. 

Meeting  adjourned  at  11:00  o'clock,  P.  M. 

C.  W.  RiDINGEB, 

Secretary. 
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CHEMICAL  SECTION. 

The  regular  monthl3*  meeting  of  the  section,  was  held 
January  23,  1902,  in  the  rooms  of  the  Society,  the  Chairman 
elected,  Dr.  K.  F.  Stahl,  presiding. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

On  motion,  the  Chairman  appointed  a  Committee  of  five, 
to  act  in  conjunction  with  the  Committee  appointed  by  the 
Chairman  of  the  Engineers'  Society,  to  devise  ways  and  means 
of  assisting  in  entertaining  the  visiting  members  of  the  A.  8.  A.S. 
&  A.  Ch.  S.,  which  meets  in  Pittsburg,  June  28,  1902. 

The  following  gentlemen  were  named  for  that  committee: 

James  M.  Camp,  Prof.  F.  C.  Phillips,  A.  G.  IVfcKenna, 
J.  O.  Handy,  Dr.  K.  F.  Stahl. 

On  motion,  the  Chairman  appointed  as  a  program  Com  - 
mittee  for  ensuing  year  Messrs.  J.  M.  Camp,  A.  G.  McKenna, 
and  J.  O.  Handy,  also  persuant  to  a  motion,  a  Committee 
on  Chemical  literature,  Messrs.  Craver,  Mohr,  and  Walters. 

Dr.  Stahl,  in  a  short  address,  asked  for  the* co-operation 
of  the  members  of  the  section,  in  an  endeavor  to  make  the 
meetings  and  the  work  of  the  year,  profitable  and  interesting, 
referring  also  to  the  interest  which  should  be  aroused  in  all  the 
Chemists  of  this  vicinity,  by  the  approaching  meeting  of  the 
American  Chemical  Society. 

During  the  general  discussion  of  interesting  chemical 
phenomona,  the  Chairman  requested  that  the  section  make 
thorough  investigation  of  the  cause  and  extent  of  the  action  of 
sunlight  on  the  absortion  of  Hydrogen  Sulphide  by  Cadmium 
Chloride  in  Ammoniacal  Solution  as  used  in  the  evolution 
method  for  Sulphur  in  iron  and  steel,  the  Committee  appointed 
to  investigate  said  action,  reporting  results  corroborating  state- 
ments of  Mr.  Walters,  at  the  November  meeting. 

On  motion,  the  section  adjourned  at  10  P.  M. 

Chas.  H.  Rich, 

Secretary  C.  S. 


president's  annual  address.  T 

PRESIDENT'S  ANNUAL  ADDRESS. 

H.    W.    fisher. 

Our  twentysecond  anniversary  marks  a  period  of  great 
indastrial  activity,  a  condition  which  is  especially  gratifying  to 
the  engineers,  because  at  such  times  there  are  better  opportimi- 
ties  for  original  work,  big  problems  are  coming  up  for  solution 
and  a  well  earned  comx)et6nce  is  assured. 

As  a  Society  we  have  cause  for  congratulation  at  the 
heathly  state  of  our  finances  and  the  excellent  papers  that  have 
been  contributed. 

We  are,  perhaps,  justified  in  the  belief  that  our  en- 
vironment is  conducive  to  the  best  engineering  work,  and  we 
know  that  many  of  our  members  have  acquired  national,  and 
some  international,  fame.  While,  therefore,  it  is  reasonable  and 
right  that  we  should  be  proud  of  our  Society,  yet  there  are 
two  things  that  we  should  justly  hold  in  higher  esteem,  viz: — 

1st.  The  rapid  advancement  in  modern  civilization 
through  the  various  branches  of  engineering. 

2d.  The  integrity  which  is  of  necessity  a  part  of  the 
character  of  the  true  engineer. 

In  his  work  the  engineer  must  think,  design  and  execute 
correctly.  The  consequences  of  incorrect  design  or  lack  of 
material  are  far  too  serious  to  admit  of  careless  work.  This 
continual  attempt  at  correct  thinking,  therefore,  has  a  tendency 
to  the  building  up  of  a  high  type  of  character. 

We  may  therefore  feel  justly  proud  of  our  profession 
which  has  not  only  been  the  means  of  giving  us  the  many  com- 
forts and  luxuries  that  we  now  enjoy,  but  has  also  enabled  us 
to  learn  more  about  nature  and  the  heavenly  bodies,  and  the 
life  sustaining  elements,  heat  and  light. 

Engineering  has  become  so  specialized  during  the  last  few 
decades  that  it  is  rather  a  difficult  problem  to  write  an  address, 
that  will  be  equally  interesting  to  our  greatly  diversified  en- 
gineers.    Moreover,  an  engineer  has  to  be  broad  indeed  who 
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can  write  well  and  correctly  on  any  topic  without  much  previ- 
ous study.  In  this  rushing  age,  economy  demands  that  papers 
or  addresses  contain  data  in  concrete  form  and  of  unquestioned 
correctness.  At  the  close  of  a  century  of  unprecedented  pro- 
gress, the  mind  naturally  wonders  what  we  may  reasonably 
expect  during  the  early  part  of  this  century  which  has  begun 
so  promisingly. 

With  these  various  various  ideas  in  view,  your  President 
thought  that  perhaps  the  most  satisfactory  way  to  obtain  cor- 
rect and  interesting  data  would  be  to  invite  correspondence 
with  large  manufacturing  concerns  and  the  heads  of  govern- 
ment departments. 

With  this  end  in  view  a  number  of  letters  were  sent  out 
asking  for  information  regarding  new  methods  of  manufac- 
ture, large  or  new  types  of  machines,  amounts  of  materials  used, 
and  closing  with  a  request  for  a  few  prophetic  remarks  as  to 
what  may  be  reasonably  expected  in  increased  size  of  machines, 
new  types  of  machines,  etc.,  during  the  early  part  of  this  cen- 
tury. The  responses  were  liberal  and  extremely  interesting, 
and  as  many  do  not  admit  of  abbreviation  it  was  thought  best 

to  present  them  mostly  in  full. 

Information  and  data  received  from  various  departments 
of  the  government: 

office  of  the  chief  of  ordnance,  united  states  army, 

washington,  november  20,  1901. 

Sir: 

Your  letter  of  the  19th  instant,  on  the  subject  of  the  work 
done  by  the  Ordnance  Department,  has  been  referred  by  the 
Chief  of  Ordnance  to  me  for  reply. 

It  is  rather  difficult  to  know  exactly  what  limits  to  give  to 
a  question  of  this  nature,  as  the  time  within  which  improve- 
ments were  made  is  necessarily  a  great  factor  in  such  cases. 

If  you  request  only  a  knowledge  of  advances  made  during 
the  year,  the  answer  could  be  very  easily  and  definitely  made; 
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bat,  if  it  covers  a  longer  period  the  answer,  of  course,  will  also 
have  to  cover  more  ground.  In  such  a  case  it  is  thought  best 
to  indicate  generally  the  important  advances  that  have  been 
made  in  the  last  few  years. 

With  regard  to  size  and  destination  of  manufacturing  pro- 
ducts in  our  department,  I  may  say  that,  as  is  probably  known 
to  you,  while  the  calibers  of  the  guns  have  changed  very  little 
irom  the  old  calibers  used  many  years  ago,  the  weights  and 
lengths  have  changed  greatly;  for  instance,  the  old  15-inch  gun 
which  was  used  during  the  war  of  1861-1865  carried  a  solid 
projectile  weighing  about  450  pounds,  and  the  gun  itself 
weighed  about  22  tons.  The  present  12-inch  rifle  is  made  of 
steel,  weighs  about  50  tons,  and  carries  a  pi:ojectile  weighing 
1,000  pounds.  The  same  relative  advances  have  been  made  in 
all  other  calibers,  8-inch,  10-inch  and  those  below. 

At  present  the  largest  gun  under  manufacture  by  the  de- 
partment is  16-inches  in  caliber,  weighs  126  tons,  its  projectile 
weighs  2,400  pounds,  and  at  a  range  of  3,500  yards  it  is  cal- 
culated to  have  energy  sufficient  to  pierce  from  28  to  30  inches 
of  steel  armor.  This  may  be  considered  to  represent  the  ex- 
treme development  of  guns,  so  far  as  the  diameter  of  the  bore 
is  concerned. 

The  tendency  now  is  to  maintain  the  present  calibers  and 
increase  the  velocity  of  the  projectile,  thereby  increasing  the 
energy  and  concentrating  it  more  on  a  given  point  in  order  to 
pierce  the  modern  face-hardened  armor. 

A  new  class  of  guns  has  also  been  introduced  within  the 
last  few  years  which  we  call  ''rapid  fire"  or  ''quick  fire"  guns. 
These  were  originally  intended  for  the  protection  of  naval 
vessels  against  the  attack  of  torpedo  boats.  They  have  been 
developed  so  that  they  are  now  used  not  only  for  this  purpose, 
but  also  for  secondary  armament  on  board  ships  and  against 
the  upper  works  and  lighter  armor  of  the  vessels  themselves, 
as  they  run  up  to  6-inches  in  caliber,  and  some  even  as  high  as 
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8-inche8.     They  are  also  used  in  land  fortifications  for  defense 
against  land  attack. 

Another  class  of  guns  which  has  been  developed  lately  is 
the  automatic  gun,  which  is  generally  limited  to  the  small  cal- 
ibers and  runs  up  to  the  one-pounders,  and  perhaps  may  go 
a  little  beyond  this  weight.  The  automatic  gun  is  one  which, 
as  its  name  indicates,  fires  automatically;  that  is,  after  the  first 
discharge  of  the  gun  the  pressure  of  the  gas  acts  to  open  the 
breech,  extract  the  empty  cartridge  case,  load  another  cartridge 
into  the  chamber,  close  the  breech  and  fire  the  cartridge,  and 
this  process  continues  until  all  the  cartridges  are  exhausted. 
Some  well  known  types  of  these  guns  are  the  Maxim,  Colt, 
Mauser,  and  a  number  of  others  which  need  not  be  mentioned. 

In  small  arms,  the  same  automatic  principle  has  been 
applied,  and  lately  the  automatic  pistol  has  come  into  vogue^ 
and  experiments  are  now  being  made  with  the  probability  that 
the  troops  will,  in  future  be  equipped  with  a  pistol  firing  a 
number  of  shots  automatically. 

In  small  arms,  the  caliber  has  been  reduced  from  the  old 
50  and  45,  which  were  used  in  the  civil  war,  and  from  that 
date  until  within  a  short  time  ago,  to  the  30  caliber  and  below. 
This  reduction  in  caliber  occasioned  a  number  of  changes, 
among  them  being  a  larger  amount  of  ammunition  to  be  car- 
ried by  the  individual  soldier,  on  account  of  the  diminished 
weight  of  a  single  round;  flatter  trajectory  of  the  projectile, 
owing  to  its  very  high  velocity,  and  consequently  increased 
chance  of  hitting  at  longer  ranges. 

The  introduction  of  smokeless  powder  has  given  us  a  bal- 
listic agent  which  is  very  much  superior  to  the  old  black  pow- 
der in  its  action,  since  its  gives  relatively  lower  pressures  for 
the  same  velocity  of  projectile,  or  if  the  pressures  are  higher 
within  the  limits  of  safety,  we  can  very  much  increase  the  ve- 
locity of  the  projectile,  because  the  burning  of  the  powder  can 
be  perfectly  regulated  and  the  pressures  kept  up  better  over 
the  path  of  the  projectile  through  the  bore.     This  same  remark 
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^ith  regard  to  smokeless  powder  applies  to  the  smokeless 
powder  for  all  guns,  including  the  large  ones. 

Smokeless  powder  as  originally  introduced  was  not  intend- 
ed to  be  used  particularly  on  account  of  its  smokelessness — it 
was  only  an  incidental  quality — but  because  of  the  fact  that 
high  expolsives  are  necessarily  used  to  obtain  a  better  ballistic 
agent  than  the  old  black  powder,  and  these  were  smokeless. 

With  reference  to  the  carriages  upon  which  the  seacoast 
gUDS  are  mounted;  it  is  probably  known  to  you  that  the  ma- 
jority of  them  in  the  service  are  mounted  on  what  is  called  the 
<  'disappeai'ing  carriage' ' ;  that  is,  the  gun  is  so  mounted  that 
it  rises  above  the  parapet  for  firing,  and  the  energy  of  the  dis- 
charge serves  to  depress  the  gun  below  the  parapet  for  load- 
ing. This  problem,  which  to  any  mechanic  is  a  serious  one, 
when  we  think  of  the  energy  and  weight  to  be  handled  and 
controlled  absolutely,  has  been  successfully  worked  out  by  the 
department  and  the  carriage  is  now  installed  in  nearly  all  of  our 
seacoast  fortifications;  is  capable  of  perfectly  controlling  the 
fire  of  all  the  modern  guns  mounted  in  the  fortifications;  gives 
the  great  advantage  of  exposing  a  minimum  target  to  the 
enemy's  fire,  maximum  protection  to  the  gunners,  great  facility 
for  loading,  and  many  other  advantages  which  need  not  be 
detailed. 

The  most  recent  advance  in  modern  field  artillery  has 
been  the  attempt  to  establish  a  field  carriage  without  recoil; 
that  is,  the  field  gun  is  now  mounted  on  a  carriage  so  arranged 
that  it  remains  fixed  in  position  during  firing,  and  the  gun 
once  sighted  on  a  target  retains  its  position  and  does  not  re- 
quire re-sighting  during  the  fire.  This  problem  also,  it  is 
believed,  has  been  worked  out  successfully  by  the  department, 
and  a  number  of  these  carriages  from  foreign  manufacturers, 
and  carriages  of  our  own  design,  are  about  to  be  submitted  for 
test,  which  undoubtedly  will  improve  interesting. 

Another  very  important  matter  which  has  recently  been 
developed  and  settled  is  the  selection,  after  a  long  series  of 
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trials,  and  the  adoption  of  a  satisfactory  high  explosive  to  bo 
used  as  a  charge  in  armor  piercing  projectiles.  This  matter 
has  been  one  of  great  difficulty,  as,  speaking  generally,  if  a 
high  explosive  is  so  sensitive  that  it  will  explode  on  striking 
armor,  it  will  generally  explode  in  the  gun  from  shock  of  dis- 
charge, on  the  other  hand,  if  it  is  desensitized  so  that  it  will  not 
explode  in  the  gun,  it  will  generally  not  explode  with  certainty 
on  striking  armor.  The  difficulty  then  was  to  get  an  explosive 
which  would  fulfill  these  conditions.  The  department  has 
succeeded  in  accomplishing  its  object  by  desensitizing  the  ex- 
plosive so  that  it  will  not  explode  in  the  gun,  and  by  develop- 
ing a  fuse  which  will  detonate  the  explosive  on  striking  the 
target,  or  in  passing  through  it;  the  fuse  being  so  arranged 
that  it  can  be  exploded  at  any  given  time  within  very  narrow 
limits. 

This  is  considered  to  be  one  of  the  most  important  modern 
developments,  and  it  is  believed,  so  far,  that  no  other  country 
has  solved  the  problem  to  this  extent. 

It  is  difficult  to  say  what  developments  may  be  expected 
in  the  near  future  in  ordnance  matters.  All  the  military  pow- 
ers of  Europe  are  constantly  studying. these  problems,  and  they 
are  also  being  studied  in  this  country,  and  Europe  is  being 
watched  to  see  if  they  have  any  developments  which  are  worth 
lopking  into. 

As  a  general  rule  (if  a  general  rule  can  be  applied  to  such 
matters)  the  evolution  of  these  different  war  materials  goes  on 
along  certain  lines  in  time  of  peace;  a  war  is  needed  to  test  the 
accuracy  of  many  theories,  and  many  materiah  which  have 
been  the  product  of  theory,  and  therefore  wars  are  always  a 
signal  for  great  revolutions  in  materials  of  this  nature,  and 
what  these  revolutions  will  be  no  one  of  course  can  tell. 

I  trust  the  above  outline  will  give  you  something  that  is 
worthy  of  consideration,  and  regret  that  it  cannot  be  made 
more  full,  as  it  is  a  vast  subject,  as  you  understand,  and  only 
certain  points  can  be  touched  upon. 

Very  respectfully, 
L.  L.  Bruff, 

Capt.  Ord.  Dept.,  U.  S.  A. 
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bureau  of  ordnance,  navy  department. 

Washington,  D.  C.  Not.  29,  1901- 
Sir  :— 

Kef  erring  to  your  letter  of  the  19  th  instant,  requesting 
information  relative  to  work  accomplished  and  improvements 
made  under  cognizance  of  this  bureau  during  the  past  year: 

1.  As  regards  the  number  of  guns  manufactured,  their 
destination,  size,  etc.,  you  will  find  all  the  information  you 
desire  in  the  Report  of  the  Chief  of  Bureau  of  Ordnance. 

2.  As  regards  the  development  of  ordnance;  a  statement 
of  what  has  been  accomplished  in  any  one  year  would  not  be 
satisfactory,  as  the  improvements  are  not  on  the  same  lines  each 
year.  A  more  comprehensive  idea  of  the  advancement  made 
can  be  gained  by  considering  the  results  of  all  the  improve- 
ments made  during  a  period  of  several  years.  For  this  pur- 
pose a  table  is  enclosed  giving  data  relative  to  6%  8'  and  12" 
guns  manufactured  in  1891,  and  corresponding  data  for  guns 
of  the  same  caliber  of  the  current  year.  The  improvements, 
generally,  are  in  increased  muzzle  velocity  and  rapidity  of  fire* 
The  increase  of  muzzle  velocity  is  mainly  due  to  increased 
length  of  bore,  and  the  use  of  smokeless  powder.  The  increas- 
ed rapidity  of  fire  is  mainly  due  to  improvements  in  mechanisms. 

Respectfully 

V.  O.  Chase, 
Acting  Chief  of  Bureau  of  Ordnance. 
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WAR   DEPARTMRNT 
SIGNAL  OFFICE,  (TELEGRAPH  AND  EXAMINING  DIVISION.) 

Washington,  Dec.  16,  1901. 
Dear  Sir: — 

Your  letter  of  December  13  has  been  referred  to  me  by 
the  Chief  Signal  Officer.  In  accordance  with  his  request  I 
shall  invite  your  attention  to  some  of  the  subjects  brought  out 
in  this  year's  Annual  Report  of  the  Chief  Signal  Officer,  to- 
gether with  several  items  of  interest  regarding  recent  improve- 
ments. 

The  most  important  advance  made  by  the  Signal  Corps  in 
the  past  year  is  in  Cable  laying  in  the  Philippines.  As  you 
will  note  from  the  map  at  the  end  of  this  year's  Report  (brought 
up  to  date)  the  Philippine  government  cable  system  is  now  very 
extensive,  and  with  additions  contemplated  will  be  unique  as  a 
cable  network.  Practically  the  whole  of  this  was  laid  by  the 
U.  S.  Cable  Ship  ''Burnside"  under  direct  supervision  of  of- 
ficers of  the  Signal  Corps.  The  cable  is  all  rubber  cable  princi- 
pally of  two  kinds — the  lighter  weighing  about  1,800  lbs.  per 
knot,  and  the  larger  about  3,500  lbs.  per  knot.  The  resistance 
of  the  smaller  is  about  21  ohms  per  knot,  and  that  of  the  larger 
10  ohms.  The  insulation  resistance  is  about  1000  megohms  per 
knot  at  75  F.  This  type  of  cable  has  given  satisfaction.  Some 
of  it  lies  in  1,000  fathoms,  its  insulation  b^ing  greatly  improved 
by  the  pressure  and  cold  at  that  depth,  although  there  was  great 
doubt  expressed  regarding  the  effect  of  pressure  on  the  rubber 
by  the  advocates  of  gutta  percha.  But  the  pei*formance  of 
rubber  cable  in  the  Philippines  has  convinced  every  one  con- 
nected with  handling  it,  that  for  the  trying  conditions  under 
which  it  is  transported,  stored  and  laid  there,  it  is  the  best  type. 

Under  the  present  methods  of  working  the  short  sections, 
not  exceeding  150  miles  in  any  case,  the  ordinary  open  circuit 
set  with  polarized  relay  is  found  to  give  good  service.  A 
current  of  12  milli-amperes  is  found  to  suffice,  and  a  speed  of 
25  words  per  minute  can  be  attained. 
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Steps  are  now  being  taken  to  provide  for  working 
^  through"  from  Manila  to  the  new  Department  Headquarters 
at  Cebu.  For  further  details  concerning  the  cable  work,  etc.  1 
would  refer  you  to  pages  15,  16,  17  and  18  and  pages  119  to 
135  Annual  Report.  The  Signal  Corps  is  charged  with  the  oper- 
ation  of  over  3,000  miles  of  land  lines  and  four  hundred  and 
fifty  offices  in  the  Philippines. 

The  extension  of  the  Signal  Corps  lines  of  Alaska  from  St. 
Michael  up  the  Yukon  to  Ft.  Gibbon  and  from  Yaldez  up  the 
Copper  River  Valley — both  lines  to  connect  with  Ft.  Egbert, 
now  the  terminal  station  of  the  Canadian  line  to  the  Klondike — 
are  noteworthy  achievements.  While  most  of  this  line  is  of  gal- 
vanized wire  on  poles,  a  light  unarmored  cable  is  used  in  some 
difficult  sections.  At  last  reports  about  400  miles  of  line  were 
in  operation.     (Pages  37  to  45.) 

The  operation  of  the  3,418  miles  of  lines  in  Cuba  is  en- 
tirely under  direction  of  the  Signal  Corps.     (Appendix  No.  6.) 

A  most  interesting  chapter  of  the  field  work  under  most 
novel  and  trying  conditions  of  the  Signal  Corps  in  China  is 
found  in  the  Report — pages  45  to  72. 

The  difficulties  and  dangers,  the  great  labor,  and  the 
numerous  expedients  required  to  carry  the  line  from  Taku  to 
Tientsin  and  from  Tientsin  to  Pekin  are  worthy  of  note.  The 
fact  that  the  line  reached  Pekin  thirt}'^  hours  after  the  troops, 
and  days  before  that  of  any  of  the  other  Allies  should  be  noted. 

In  regard  to  apparatus  :  All  the  land  telegraph  lines  are 
operated  with  the  ordinary  American  Morse.  Many  of  the 
branch  lines  are  being  converted  into  telephone  lines  in  the 
Philippines.  The  new  Signal  Corps  telephone,  which  can  be 
closed  up  and  shipped  in  its  own  case,  is  being  introduced,  while 
a  new  portable  field  telephone  is  a  model  of  neatness  and  com- 
pactness. A  new  field  switchboard  for  camps  and  small  posts 
has  also  been  designed.  The  use  and  development  of  the 
vibration  system  of  telegraphy  in  the  Signal  Corps  * 'buzzer", 
has  produced  some  very  interesting  results.     In  this  instrument 
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f^   AKfTLAl    AI 


-^mrnuirtj"  iriBD  Ihrnih  tf  tbi-  aew  Iigjwrii— i;  lifiaUqoKrtanH 
m.  <4siia  Ffc  f  urtbar  detaik^  rcnMBnunr  the  cmtHc  wfirl..  «tr..  1 
wvcAc  i^sfiar  vciq  to  jmsoh  15.  Jl€,  iT  sac  1*^  amc  pa?e^  .:if'  to 
1 1^  JTrmm.  IkcqiarL.  Tn&Sii!!]iii  C  crrih^  i>  cturn^nL  witi  the  niwn- 
fCim  of  over  ajUKt  miio^  of  iaac  iIBe^  smc.  loir  niniiinid  ■■<: 
£ftv  tifioBF'  ID  tbt  Philipfpinetv. 

TlKr  ertBosiuD  uf  ttic  Sismai  v  irm^  IIBe^  nf  Ata^tct  itoil  St 
Miobaai  iqi  Xbe  Tukcs}  if*  Pi.  iTitit»(iij  anii  tram  Taidfl?  ui  tbr 
<Iv59«ir  Ikj^^BT  Talier — iKitl  imet-  ir  rtnmeiti  wilt  Pi.  "LirJwru 
mvm  xbt  'kessunal  titstim  od  tiit  Cffnanngi  Loh-  ir<  tiH'  Sumdilcf' — 
3Kd««w(irtiiT  AGtuevamant^.     Vtiik*  iiif>^i  <rf  tni^  lint  fc-  n!  ir«ii- 

dificah  i«icdd(iii&.  JLt  laBl  TB|*<lT^^  lihom  4<*<'  mlk^  nf  liiif  were 
iiF  operaticm.       iSafK^  i-T  t(»  4;..  ■ 

Ti»e  o|iBrmliaii  cif  tbe  ^.4I:^  niik^f*  <d  iinef  ixi  i  utui  i>  «&> 
tirelT  uBckar  dix<Bctti<izi  (if  li»  Sirrnai  C  on>K,       ATn^mdix  >.u-  f»  < 

A  SK*^  inlflnBRtmir  riwjner  at  uh-  immc  wort  inuifir  nn^ 
iK^fl  ud  tnrin^  wmditiiaMs  trf  ibf  :Si£rim!  i  orjvf  iii  v'uina  i> 
f*iDBd  in  liie  Scfkorl — jiar^^  45  ic  7:^. 

Tbe  dificnhiefi  aod  dumjei^  tiie  xrreaii  ku.i:,  and  the 
muneroos  eipedwct*  required  lo  cnrry  hk*  IxIH'  ironi  Tuku  1a.> 
Tkmtsba  and  frc«m  TkmlsiD  tc^  PefciL  art  wi»rLiT  oi  nnf .  Tt»^ 
firt  that  the  Kbc  macbed  Pekiu  ihiriv  b  nnv  kfiex  iiif  iroojWv, 
and  daT^s  tirfare  that  of  acv  of  tbe  c»iijfr  A.:ie>  s1j.»ujw  he  i*.»i<m. 

In  i«;g:mrd  tc>  apparatus  :  All  iiit-  laij i  it-irirriipL  LiHt>  are 
ciperatad  with  the  (•rdinan-  AmeriCiLii  M.^r^,  Mhiv  oi  the 
ttfvocfa  lineg  are  bediur  con  vended  ilio  u- •<-;»!)  'Uf  i:r>e>  itj  ir^e 
ndlippineeu  Tbe  new  ^iirDul  Cor]»  i<  jtstriv^De,  Ti^hivti  i^sn  bo 
ckiaod  up  aod  shipped  in  iii-  I'wn  ca^\  i>  ♦►e.Lir  iiitriK.  jty\i,  x\  h^io 
a  new  portable  field  telepboDe  is  a  m.vle]  of  neaine^s  a-ini  com- 
pactness.  A  new  field  >wiu-b\H"*tLrvl  fv»r  cmmjtf  aiui  sn-ali  ]\>M> 
his  also  been  designed.  Tbe  ur-e  and  tieveiopnioiit  of  iho 
ribntioB  system  of  tekgrai^bv  in  ibe  Siirnal  Corp>  *M>uy,;or*\ 
has  produced  some  very  interesting  resuhi:.     In  ihi>  inMrum<Mit 
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tif^  Mor-0  ^iirnnf^  are  prcKiMceii  hv  lonir  and  short  huzzers  in 
I'n*  t"I<' phono  Toceiver.  The  wiier  h;Ls  worked  iheae  buzaers 
<)v*^'r  t\v<^nty  miles  in  (Vntral  Luzon,  (hiriufira  raiay  period,  witli 
l)Mip  wire  ]:n<l  on  the  irronnd.  treen  and  hushefi — mkL  has  seat 
•^^veial  thofi^nnd  wonls  per  day  at  that.  Dy  usimr  condenfiers 
JM^tupen  the  hiizzer''  anti  line  they  f nrnihh  a  temporary  means 
of  (liiplexinir  H  telejrrnph  line — :i?*  in  the  phonopiex  system. 

An  in-itrnment,  iveentiy  iiiLroduee<i,  fumish^i  a  simple 
ni*^!n)^  of  (Miftinir  in  tempoi'ary  telephone  otiices  on  a  leletrraph 
lino,  w  hero  the  services  of  an  operator  can  not  be  ootained.  la 
w  j!'f'l(»<s  telegraphy,  experiments  have  h*^n  eontinue<i,  not  s«> 
niii»  h  in  attempts  at  srreat  ransre,  as  to  tind  the  capabilities  of 
the  a])paratns  in  every-^hiy  use,  The  wireiesj*  station*  in  i'^an 
Franci^eo  Harbor  have  l)een  worked  eontinuousiv  for  over  a 
vear.      For  \  isnal  -^iimallinir  the  lonire**t  ranire  has  i)een  attaineii 

• 

w'th  the'^iunal  Corps  Porrai)le  S<nirciiii*riit,  unere  search Hirht 
s'u''naU  have  been  reeeived  for  over  tiftv  niiies  from  Manila* 
Not  far  behind  tliis  in  performance  i^  Uie  acelviene  lantern, 
\\hi«'h,  irj  tt^'^f-;  at  P>ntt'a]o,  has  i)een  reavi  Uiirlv  miles.  Hii:* 
iiMteni  i^  :>n  excellent  pie<'e  of  (*ompacL  ana  pnrlaole  appjiratus. 

The  Siijnal  (  orps  has  a  re?*lin<r  r»>oni  al  \\  a^liini£lon,  ami 
>^'t<)i)s  aii'l  apparatus  at  the  >i£rnal  <  orps  Post  ai  Fort  Myer,. 
a'r»)v<  the  river  fro^n  U  .a^tiiniitou.  wtiere  tiivesni^aliotiii  of  new 
app-nafiw  himI  supplies  are  constanilv  iroinir  t»n. 

Aji  important  branch  of  srieuiitic  woiiv  i>  i)enii;  develo|)ed 
in  the  >iM-n'il  ( '(»ri)s  with  reference  to  insj»e<-Uou,  te^lini;  anil 
ifi-(;i!'Mt*,ni  of  t  f)e  eabje^j,  telep[ione>,  liMciri-npus,  electric  in- 
(]'■(  ;i^c<  ai^l  .•I()ck^,and  ineleoroloiri'":U  iJistrumenls  furnished  the 
(''v*-\  A''t"llery  |M)^t^  in  c(innectit)n  \vuu  uie  nii|Mjrtaut  and 
c'>!i".h'\  |ir(*  fNmM'nj  c(»n)innnicati()ri>  iii  Ltie  -Hr\  ice  nf  the  v aiiouH 

\'f'r\'  re>]>ectfiiilv, 

t'aotain  ^riirnai  <  <»rp>,  W  S.  Armv^ 


*!• 


Dhar 

T  HIT  trtut    I.  -:» 

*  'f»    C     lit     ^-?f    -    -If 

the  rgmaii   invflci  3i» 
com  ^taikf  I.   ifr 

be  a  pntniiki«i<- 
ticailv  TTM^tfj,. 

TAvm  jTF^   :i 
plant  aiiiBB    i  -w 

i&  nut  Tjii*!  •ts3«i^"'i.    '»^  ^    .  ^  ^.        •     * 

The  ■txiifni-a  'U    i    :—_•..    t     .^'    *  ,  .      *     . 

for  pampimr  na*  '*.:j»*  "    '     ^   -^  '    ^  •<.       >  .  •• 

tbem,&>^\,.w^...     ^     .      ,. ._ 

rmiae  i*^.  •  •  ,   ■  •    ra*    a*-  v    ■  i     ■     :i  *.  ^  » 

The  Lifring  •.  z  w:l  -sr  r*  <i.       •-     •.'-»..     ^   ^  .     ^         ^ 

western  I^  **^-<sisa  a:i     ■>    -  .-itfa^^  -  "     '  :  ^ :  ^ 

rice  has  »«wi3jt«:  at^.   .  *     «  -        -       .  •.      .^^  -.v  -v   %  • 

led  a  number  "t  .Anr^  -:.-.    .   .       ^-^  ,       <        -.    \      * 

make  special  st  i'.iy  ■  f  .:•:    ■■  •      ,,-  v    .,.•-.  ^^    ,. 

certain  machines  to  r.  d.  :.-."- 

Among  the  dire^*tioR^  .:r  »  .   /.  w;^*        .    *  -   v  tj  ihh  ■    -^  >> 
destined  to  have  large  ^.W^t•*l  j".*.  t-:  t    m  i:  t-  ^.;.v»'\'  .;•%>  u  >  ^  ui.  u 
works  for  the  reclamatii>n  of  Hril  .hiuU  iii  ilu^   WoM.  Uu^  v  .«ti 
strnction  of  dikes  to  rtH-ltiim  \\w  o\t^i\\y>\\v\\  anA   i»  lal  K»u  i 
along  the  Atlantic  and  (lulf  rousis.  ^t^nluu^L'  '»»•*!  Jiuiuiiu,  \  ■ 
prevent  the  destructive  eroNiou  uf  InlUul*^  huiu^ 

I  regret  that  1  do  n(»t  feol  ipmlilMMl  !»•  fjo  tMiihi*   Io«m    i. 
tails  in  these  matters  oulhide  (»f  irn^'itnoM  w  ii)MM»i  r».M»t    ).^    i-l 
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the  Morse  signals  are  produced  by  long  and  short  ))uzzer8  in 
the  telephone  receiver.  The  wirer  has  worked  these  buzzers 
over  twenty  miles  in  Central  Luzon,  during  a  rainy  period,  with 
bare  wire  laid  on  the  ground,  trees  and  bushes — and  has  sent 
several  thousand  words  per  day  at  that.  By  usiiig  condensers 
between  the  buzzers  and  line  they  furnish  a  temporary  meana 
of  duplexing  a  telegraph  line — as  in  the  phonoplex  system. 

An  instrument,  recently  introduced,  furnishes  a  simple 
means  of  cutting  in  temporary  telephone  offices  on  a  telegraph 
line,  where  the  services  of  an  operator  can  not  be  obtained.  In 
wireless  telegraphy,  experiments  have  been  continued,  not  so 
much  in  attempts  at  great  range,  as  to  find  the  capabilities  of 
the  apparatus  in  every-day  use.  The  wireless  stations  in  San 
Francisco  Harbor  have  been  worked  continuously  for  over  a 
year.  For  visual  signalling  the  longest  range  has  been  attained 
with  the  Signal  Corps  Portable  Searchlight,  where  searchlight 
signals  have  been  received  for  over  fifty  miles  from  Manila. 
Not  far  behind  this  in  performance  is  the  acetylene  lantern, 
which,  in  tests  at  Buffalo,  has  been  read  thirty  miles.  This 
lantern  is  an  excellent  piece  of  compact  and  portable  apparatus. 

The  Signal  Corps  has  a  testing  room  at  Washington,  and 
shops  and  apparatus  at  the  Signal  Corps  Post  at  Fort  Myer,. 
across  the  river  from  Washington,  where  investigations  of  new 
apparatus  and  supplies  are  constantly  going  on. 

An  important  branch  of  scientific  work  is  being  developed 
in  the  Signal  Corps  with  reference  to  inspection,  testing  and 
installation  of  the  cables,  telephones,  telegraphs,  electric  in- 
dicators and  clocks,  and  meteorological  instruments  furnished  the 
Coast  Artillery  posts  in  connection  with  the  important  and 
complex  fire  control  communications  in  the  service  of  the  various 

guns. 

Very  respectfully, 

Edgar  Russel, 

Captain  Signal  Corps,  U.  S.  Army. 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE. 
Office  of  Experiment  Stations. 

Washington,  D.  C,  Nov.  29,  19' a. 
Dear  Sir: — 

Your  letter  addressed  to  the  Secretary  of  Agriculture  has 
been  referred  to  me  for  attention. 

One  of  the  directions  in  which  progress  is  being  made  is 
the  recent  inventions  for  utilizing  both  the  outside  and  pith  of 
com  stalks  in  the  manufacture  of  building  paper  and  a  tough 
fibrous  board  for  boxes  and  other  purposes.  This  promises  ta 
be  a  profitable  use  of  a  product  that  until  now  has  been  prac- 
tically wasted. 

There  are  indications  that  steam  power  will  in  time  sup- 
plant horse  power  in  hauling  on  country  roads,  especially  in 
extensive  districts  devoted  to  market  gardening.  Where  fuel 
is  not  too  expensive,  the  saving  in  time  which  can  be  effected 
by  automobiles  is  quite  an  item. 

The  extension  of  irrigation  has  led  to  a  growing  demand 
for  pumping  machinery  to  be  used  for  this  purpose.  Some  of 
the  engines  now  employed  on  the  Hawaiian  sugar  plantations 
raise  29,000,000  gallons  of'  water  daily  to  a  height  of  500  ft. 
The  lifting  of  water  from  the  bayous  and  streams  of  south- 
western Louisiana  and  southeastern  Texas  for  the  irrigation  of 
rice  has  assumed  large  proportions  in  the  past  two  years,  and 
led  a  number  of  large  manufacturers  of  pumping  machinery  to 
make  special  study  of  the  conditions  with  a  view  to  designing 
certain  machines  to  fulfil  them. 

Among  the  directions  in  which  agricultural  engineering  is 
destined  to  have  large  development  in  the  future  are  iiTigation 
works  for  the  reclamation  of  arid  lands  in  the  West,  the  con- 
struction  of  dikes  to  reclaim  the  overflowed  and  tidal  lands 
along  the  Atlantic  and  Gulf  coasts,  terracing  and  draining  to 
prevent  the  destructive  erosion  of  hillside  farms. 

I  regret  that  1  do  not  feel  qualified  to  go  further  into  de- 
tails in  these  matters  outside  of  irrigation  without  some  special 
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research  which  I  have  not  the  time  to  make.  Should  you  de- 
sire any  further  information  regarding  irrigation  development^ 
I  shall  be  pleased  to  write  you  again. 

Sincerely  yours, 
Elwood  Mead, 

Irrigation  Expert  in  Charge. 


Information  and  data  received  from  Ship  Building  Co. '«; — 

NEW  YORK  SHIP  liUILDING  COMPANY, 

CaMDENj  N.  J.,   NOVEMBEB  8,   1901. 

Dear  Sir: — 

We  are  in  receipt  of  your  favor  dated  5  N  01  and  note 
your  request  for  such  information  as  we  can  give  you  regarding 
the  ships  and  engines  we  have  under  construction,  and  we  note 
also  the  purpose  for  which  you  desire  this,  and  it  will  give  us 
great  pleasure  to  give  you  such  assistance  as  is  within  our 
power. 

1st.     As  to  our  present  contracts:- — 

Contract  No.  1,  S.  S.  ''J.  M.  Guffey"  is  a  ship  of  the 
following  dimensions: — 

309'  7"  Over  all. 

300'  u"  B.  PPS. 

40'  Beam  Moulded. 

26'  Depth  Moulded  to  Upper  Deck. 

5990  Terns  Displacement  on  draft  of  22'. 

She  has  engine  and  other  boiler  power  of  1500  I.  H.  P. 
and  a  required  sea  speed  of  10  knots.  This  boat  was  designed 
originally  as  a  merchant  tramp  steamer,  but  before  final  delivery 
she  was  purchased  by  a  second  party  and  is  now  being  converted 
into  an  oil  tanker. 

Contract  No.  2:  Our  Contract  No.  2,  S.  S.  **Texan,"  is 
a  ship  of  the  following  dimensions: — 
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484'  3"  Overall. 
471'  0'  B.  PPS. 
67'  0"  Beam  Moulded. 
42'  0"   Depth  Moulded  to  Shelter  Deck. 
35'  0"  Depth  Moulded  to  Upper  Deck. 
16267         Tons  Displacement  on  27'  draft. 
This  ship  is  fitted  with  twin  screw  quadruple  exp.  engines, 
and  the  boilers  are  fitted  with  a  hot  air  system  of  forced  draft 
for  an  indicated  H.  P.  of  3,000  at  10  knots. 

Contracts  No.  3  and  No.  4:     Our  contracts  No.   3  and 
No.  4  S.  S.      ^'Nevadian"  and  S.  S.   *'Ne'braskan,"  are  ships 
of  the  following  dimensions: — 
371'    6%  Overall. 
360'    0%  B.  PPS. 
46'    0",  Beam  Moulded. 
27'    2%  Depth  moulded  to  Upper  Deck. 
34'    8%  Depth  moulded  to  Shelter  Deck. 
8267,8         Tons  Displacement  on  draft  of  25'. 
These  boats  are  fitted  with  twin  screws,  triple  exp.  engines 
and  Scotch  Boilers  fitted  with  a  hot  air  system  of  forced  draft, 
for  an  indicated  H.  P.  of  about  2,500  at  11^  knots. 

Contracts  Nos.  5  and  6:     Our  contracts  Nos.  5  and  6  are 
ships  of  the  following  dimensions: — 
615'  3%  Over  all. 
600'  0%  B.  PPS. 
65'   0%  Beam  Moulded. 
43'   3%  Depth  Moulded  to  Upper  Deck. 
5r   3",  Depth  Moulded  to  Shelter  Deck. 
26374  Tons  Displacement  on  33'  2"  draft. 

These  ships  are  fitted  with  twin  screw,  quadruple  compound 
engines  balanced  on  the  Yarrow, -Schlick, -Tweedy  System,  and 
fitted  with  Lovekin,  Tom  balance  cylinders,  with  a  battery  of 
Scotch  Boilers  built  for  a  working  pressure  of  210  pounds  per 
square  inch,  and  fitted  with  a  hot  air  system  of  forced  draft  for 
an  I.  H.  P.  of  12,000,  and  an  estimated  sea  speed  of  15  knots. 
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Contract  Nos.  7  and  8:  Our  contracts  No.  7  and  No.  8 
ships  of  the  following  dimensions: — 

605'  6",  Over  all. 
490'  0",  B.  PPS. 

58'  0",  Beam  Moulded. 

35'  0",  Depth  Moulded  to  Upper  Deck. 

43'  0",   Depth  Moulded  to  Shelter  Deck. 
17247  Tons  Displacement  on  27'  Draft. 

These  ships  are  fitted  with  twin  screw  triple  expansion 
engines  and  a  battery  of  Scotch  Boilers,  built  for  a  working 
pressure  of  200  pounds  per  square  inch,  and  fitted  with  a  hot 
air  system  of  forced  draft  for  an  I.  H.  P.  of  6,000  and  an  esti- 
mated sea  speed  of  12  knots.  The  foregoing  eight  steamships 
are  Imng  built  for  American  ship  owners,  and  are  designed  for 
service  both  across  the  Atlantic  and  Pacific  Oceans. 

In  shipbuilding  proper  the  tendency  of  the  last  few  years 
has  been  toward  what  we  term  *  ^extreme  dimensions,"  .that  is 
to  say  that  the  successful  steamships  of  to-day  are  of  a  much 
greater  displacement  than  was  considered  possible  a  few  years 
ago.  You  are  of  course,  doubtless  aware  that  some  of  our  most 
modern  steamships  have  already  superseded  the  ''Great  Eastern'* 
in  dimensions,  and  thanks  to  the  progress  made  by  the  Mai'ine 
Engineer,  these  boats  are  beyond  question  a  success;  the  wisdom 
of  this  increase  will  be  readily  appreciated  when  we  investigate 
the  quantity  of  coal  consumed  per  100  miles  of  two  ships,  ex- 
tremes in  dimension^. 

A  ship,  say,  of  8,000  tons  displacement  and  another  of 
26,000  tons  displacement  are  both  designed  for  the  same  speed; 
the  smaller  ship  will  absorb  anywhere  from  7  to  8  pounds  of 
coal  per  100  ton  mile,  whereas  the  latter  or  larger  ship  will  re- 
quire something  less  than  5  pounds  of  coal  per  100  ton  mile, 
ssuming,  of  course,  that  the  eflSciemsy  of  the  engines  in  each 
ship  is  equal.  It  is  therefore  readily  understood  how  economical 
8hip3  of  these  increased  dimensions  are  when  we  consider  thai 
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the  operating  expenses  for  the  personnel  of  the  larger  ship  will 
be  very  little  more  than  that  of  the  smaller. 

Another  great  improvement  due  to  the  introduction  of 
these  large  steamers  has  been  in  the  re-distribution  of  the 
material  throughout  the  structure.  That  which  was  originally 
known  as  the  shelter  deck  and  which  was  not  considered  a 
strength  deck  is  now  being  transformed  into  the  strength  deck 
of  .the  ship  by  reason  of  the  heavy  material  being  raised  to  the 
top  cord. 

We  would  also  call  your  attention  to  the  fact  that  seven  of 
these  eight  steamers  we  are  building  are  being  fitted  with  twin 
screw  machinery,  showing  the  owner's  desire  to  eliminate  as  far 
as  possible  the  opportunities  for  total  disablement.  It  is  proba- 
ble that  at  the  present  time  they  do  not  fully  reap  the  benefit  of 
this  great  improvement,  but  undoubtedly  the  underwriters  will 
in  time  see  their  way  clear  to  make  this  a  consideration  when 
settling  the  rate  of  insurance  on  these  ships.  It  was  mentioned 
above  that  the  engines  of  Contracts  5  and  6,  were  being  balanced 
on  the  Yarrow-Schlick-Tweedy  System  and  the  reason  for  this 
is  that  the  vertical  unbalanced  forces  tend  to  produce  a  series  of 
vibrations  throughout  the  hull,  which  when  coincident  with  a 
natural  period  of  vibration  of  the  ship  itself,  becomes  a  great 
element  of  danger  to  the  structure  as  well  as  discomfort  to  the 
passengers.  It  is  therefore  attempted  to  so  balance  the  vertical 
forces  of  these  engines  that  its  effect  on  the  ship's  structure  will 
be  nil.  This  system  of  balancing  is  in  our  belief  one  of  the  most 
important  items  that  has  tended  to  make  such  ships  as  the 
*'Deutschland"  possible,  and  for  high  speed  ships  of  compara- 
tively light  structure  cannot  be  ignored  and  should  be  considered 
one  of  the  greatest  improvements  in  modern  engineering. 

As  to  the  future  regarding  the  size  of  modern  engines  and 
steamers  we  are  of  the  opinion  that  the  size  of  the  individual 
unit  for  marine  propulsion  has  been  about  reached,  and  that  the 
aggregate  power  however  will  be  increased  by  the  number  of 
individual  units,  such  for  instance  as  from  the  twin  screw  to  the 
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triple  screw,  and  when  occasion  demands  for  the  triple  screw 
even  to  the  4-8crew  engine.  We  would  not  be  at  all  surprised 
to  see  one  or  two  steamers  built  within  the  next  few  years  which 
would  be  over  or  very  nearly  800  feet  in  length.  It  is  doubt- 
ful, however,  whether  it  would  be  advisable  to  increase  beyond 
this  length,  as  to  do  so'  would  necessitate  the  re-construction  of 
the  terminals  and  with  a  few  exceptions  the  necessary  depth  and 
draft  of  water  to  maintain  structural  strength  would  limit  them 
to  but  few  ports  of  call. 

In  the  propelling  machinery  proper  we  think  we  might 
look  forward  to  two  very  radical  changes: — ^The  further  develop- 
ment of  the  multi-tubular  or  express  boiler  as  a  high  pressure 
steam  generator,  and  the  adoption  of  the  turbine  engine  for  this 
class  of  ship.  The  adoption  of  the  foregoing  would  in  our 
opinion  be  the  means  of  considerably  reducing  the  time  between 
New  York  and  European  ports. 

Trusting  information  will  be  of  some  service  to  you,  we 
are, 

Very  truly  yours, 

P.  P.  Newman, 

General  Superintendent. 

UNION  IRON  WORKS, 

San  Francisco,  Nov.  13,  1901. 

Dear  Sir: — 

Referring  to  your  letter  of  the  5th  inst.,  addressed  to  the 
Union  Iron  Works,  and  which  has  been  handed  to  me  for  reply, 
asking  if  we  would  mention  in  brief  the  capacities  and  desti- 
nations of  some  of  the  large  marine  engines  and  steamers  we 
have  built  during  the  year,  and  other  information  that  you 
desire  for  use  in  connection  with  your  annual  addi'ess  to  the 
Engineers'  Society: 

In  regard  to  marine  engines  that  we  have  built  that  will  go 
or  have  gone  into  operation  this  year,  I  might  mention  those  of 
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the  three  Torpedo  Boat  Destroyers,  the  Paul  Jones,  Perry  and 
Preble.  These  are  of  the  usual  high  speed,  light  weight,  high 
grade  material  type,  usually  built  for  vessels  of  that  class,  and 
are  of  8,600  indicated  horse  power  each  set. 

We  also  completed  and  delivered  the  Battleship  Wisconsin, 
having  triple  expansion  engines  of  1 2,000  indicated  horse  power. 

We  have  in  the  shop  at  present,  and  ready  to  be  hoisted  on 
board  the  Ohio,  a  set  of  engines  of  the  four-cylinder  type,  with 
18,000  indicated  horse  power. 

In  regard  to  improved  types  of  marine  engines  on  steamers: 
There  has  been  no  marked  improvement  in.  machinery  of  thia 
class  for  the  past  year  or  two.  There  has  been  a  betterment  in 
proportion,  principally  due  to  the  higher  grades  of  material  now 
obtainable  for  the  most  important  parts  of  marine  engines. 

We  are  just  completing  one  of  two  sister  ships  for  the 
American-Hawaiian  Steamship  Company,  which  are  the  largest 
cargo  carrying  steamers  so  far  built  in  the  United  States.  They 
are  intended  to  carry  11,600  tons  dead  weight  cargo.  They 
have  twin  screws,  and  3,600  horse  power.  These  ships  embody 
all  the  latest  improvements  in  the  cargo  type  of  merchant 
vessel,  and  very  elaborate  provisions  have  been  made  for  the 
handling  of  cargo  quickly. 

In  regard  to  what  is  in  the  future  with  reference  to  marine 
engineering:  I  do  not  think  that  we  are  to  be  called  upon  in 
the  near  future  to  build  engines  very  much,  if  any,  larger  than 
we  have  been  building.  There  will,  no  doubt,  be  an  increase  in 
the  size  of  vessel,  but  that  increase  is  likely  to  be  devoted  to 
the  carrying  of  freight  rather  than  in  providing  space  for  engines 
and  boilers.  There  is  a  decided  reaction  from  high  speed  ships 
apparent  amongst  the  various  steamship  companies.  There  will 
probably  be  an  increase  in  the  size  of  propelling  machinery  for 
war  ships.  We  have  two  now  contracted  for  the  United  States 
government,  fitted  with  22,000  indicated  horse  power,  and 
another  one  of  20,000  indicated  horse  power. 


24  engineers'  society  of  western  PENNSYLVANIA. 

As  to  any  new  types  of  engines:  There  will,  no  doubt,  be 
further  experiments  made  with  engines  of  the  turbine  type,  but 
it  would  be  difficult  to  predict  what  the  future  of  that  type  of 
engine  is  likely  to  be. 

There  will,  for  the  next  few  years,  be  quite  a  variety  of 
types  of  boilers  fitted  to  all  kinds  of  vessels.  Whether  the  ex- 
perience resulting  from  attempts  to  introduce  the  various  types 
of  water  tube  boilers  will  result  in  the  production  of  a  new  type 
of  boiler  that  will  entirely  supercede  the  cylindrical  boiler,  is 
one  of  the  questions  that  will  occupy  the  minds  of  those  who 
have  a  desire  to  predict  what  is  going  to  be  for  the  next  few 
years.  Those  of  us,  however,  who  are  working  out  these 
problems,  have  little  time  and  not  much  inclination  for  specu- 

• 

lalion  as  to  what  is  likely  to  be  the  result.  So  far  no  marked 
improvement  has  resulted  from  the  various  experiments  made 
with  the  different  types  of  water  tube  boilers,  and  it  appears  to 
me  that  the  cylindrical  internally  fired  Scotch  boiler  is  likely  to 
hold  its  own  for  some  years  at  least,  or  until  something  superior 
has  been  devised,  of  which  there  does  not  appear  as  yet  to  be  an 
indication.  I  look  for  a  gradual  and  steady  improvement  in 
marine  engineering  and  shipbuilding,  without  any  new  types  of 
engines  or  boilers  coming  into  general  use.  This  opinion  may 
be  considered  as  perhaps  too  conservative,  but  I  am  reasoning 
from  the  slow  but  steady  advance  that  has  been  made  in  the  past 
twenty  years  or  so,  and  which,  I  take  it,  will  be  the  condition  of 
advancement  during  the  next  twenty  years  to  come. 

Yours  very  truly, 

G.  W.  Dickie. 


NEWPORT  NEWS  SHIPBUILDING  &  DRY  DOCK  COMPANY, 

Newport  News,  Virginia,  Nov.  12,  1901. 

Dear  Sir: — 

Referring  to  your  letter  of  the  4th  instant  relative  to  large 
ship  and  engine  construction  work  we  have  turned  out  during 
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the  present  year.     We  beg  to  give  below  a  brief  statement  of 
this  work,  in  accordance  with  your  request. 

Although  the  year  has  been  an  extremely  busy  one,  it  has 
so  faapi)ened  that  the  actual  finished  tonnage  leaving  the  yard 
has  not  been  as  large  as  in  previous  years  when  no  work  was  in 
hand.  Two  of  the  last  batch  of  ships  for  the  Southern  Pacific 
Company's  * 'Morgan  Line,"  between  New  York  and  New 
Orleans,  have  been  put  on  service  this  year  and  have  at  once 
taken  their  place  with  the  others  of  the  same  line  already  built 
by  this  Company.  The  completion  of  this  last  quartet  of  ships 
will  swell  to  twelve  the  total  number  of  ships  of  the  same  type 
built  by  this  Company  for  the  Southern  Pacific  Company. 
These  ships  are  406  feet  long  by  46  feet  beam  by  33  feet  9 
inches  depth,  and  have  a  carrying  capacity  of  approximately 
5,000  tons.  They  are  driven  by  triple  expansion  engines,  33 
in.  by  52  in.  by  84  in.  by  54  in.  stroke,  supplied  with  steam  by 
three  Scotch  boilers  carrying  180  pounds  pressure.  While  these 
ships  are  not  remarkable  from  the  point  of  view  of  size,  they 
represent  what  is  probably  the  highest  development  of  the  purely 
cargo  carrier  afloat. 

Our  contribution  to  the  Navy  of  the  United  States  is  the 
Battleship  Illinois,  the  fastest  ship  of  her  class  (the  other  two 
being  the  Alabama  and  Wisconsin)  produced.  Under  a  four 
hours^  forced  draft  speed  trial  over  the  government  course  near 
Boston,  Mass.,  this* ship  sustained  an  average  speed  of  17,449 
knots.  On  this  trial  the  mean  draft  was  23  feet,  6  inches,  cor- 
responding to  a  displacement  of  11,535  tons,  and  the  horse 
power  required  for  driving  the  ship  was  approximately  12,000. 
The  dimensions  of  the  Illinois  are,  length  368  feet  between  per- 
{)endiculars,  beam  extreme  72  feet,  2^  inches,  normal  draft  23 
feet,  6  inches,  corresponding  displacement  11,535  tons. 

Before  the  end  of  the  year,  or  shortly  after  the  opening  of 
the  new  year,  we  hope  to  deliver  to  the  Pacific  Mail  Steamship 
Co.  one  of  the  two  large  ships  now  under  qpnstruction  for  that 
line.     These  ships,  the  Korea  and  Siberia,  are  the  largest  ships 
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yet  launched  from  any  yard  in  Ameriea,  the  dimensioD&  being* 
672  feet  over  all  by  63  feet  beam  by  40  feet  depth.  These  ships, 
designed,  to  trade  between  San  Francisco  and  Hongkong,  with 
several  Japanese  ports  as  ports  of  call,  will  have  a  carrying 
caftaciiy  of  10,000  tons  and  are  expected  to  show  a  sea  speed  of 
18  knots,  placing  them  ahead  of  anything  afloat  on  the  Pacific 
Ocean  at  the  present  time.  The  motive  power  will  be  furnished 
by  two  engines,  each  driving  a  sepai*ate  screw,  the  engine  be- 
ing quadruple,  with  cylinders  36  in.  by  50  in.  by  70  in.  by  100 
in.  by  66  stroke. 

While  we  have  nothing  new  to  describe-in  the  way  of  a  new 
engine,  improvements  are  constantly  being  made  in  details  of 
design  and  adaptability  of  diflferent  materials. 

It  is  along  the  line  of  detail  improvements  that  we  chiefly 
look  for  future  achievements.  Among  the  factors  to  be  reckon- 
ed with  in  future  progress,  however,  must  be  included  the  pos- 
sibility of  oil  fuel  in  place  of  coal.  With  the  vast  amount  of 
oil  now  flowing  in  different  parts  of  the  country,  it  appears  to 
us  extremely  probable  that  a  furnace  adapted  to  burning  oil 
may  reasonably  be  expected.  Another  development  concerned 
strictly  with  the  propelling  of  the  ship  may  be  found  in  the  in- 
creased rotative  speed  of  the  propellers  and  the  larger  number 
of  propellers  mounted  on  the  shaft,  whether  that  shaft  be  driven 
by  the  ordinary  reciprocating  steam  engine  or  at  extremely 
high  speeds  by  some  form  of  steam  turbine. 

We  shall  be  very  glad  to  have  you  send  us  a  copy  of  the 
January  proceedings  of  the  Engineers'  Society  of  W^estern 
Pennsylvania,  as  you  kindly  offer  to  do. 

Yours  very  truly, 

W.  A.  Post, 

General  Superintendents 
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THE  WILLIAM  CRAMP  &  SONS  SHIP  &  ENGINE  BUILDING  CO. 

Office,  Beach  and  Ball  Streets, 

PHILuiD£LPHIA,  DeC.    16,  1901. 

DsAK  Sir:—* 

We  hare  received  your  letter  of  the  16th  instant^  asking 
for  information  as  to  our  most  important  manufactured  pro- 
<luct  durmg  the  past  year — 1901 — and  what  lines  of  improve- 
ment in  manufacture  or  product  have  been  inaugurated  here,  etc. 

In  response  we  would  say  that  our  output  during  the  year 
has  been: 

The  completion  of  the  Imperial  Russian  battleship 
^'Retvizan"  12,800  tons  displacement,  18,000  indicated  horse 
power  and  18  knots  speed. 

The  Imperial  Russian  protected  cruiser  ''Variag,'*  of  6,500 
ions  displacement,  18000  indicated  horse  power,  and  23i  knots 
speecia 

Work  has  also  progressed  as  rapidly  as  the  delay  in  de- 
livering the  armor  would  permit  upon  the  U.  S.  S.  Battleship 
*<Maine,"  of  J  2, 500  tons  displacement,  estimated  horse  power 
of  about  17,000  and  guaranteed  to  make  18  knots  speed  in  a 
four  hours'  trial. 

Work  has  been  commenced  upon  the  U.  S.  S.  armored 
cruisers  ''Colorado"  and  ''Pennsylvania, "13, 800  tons  displace- 
ment, 23,000  indicated  horse  power  (estimated),  and  guaranteed 
to  develop  22  knots  speed  in  a  four  hour's  trial. 

The  construction  of  a  protected  cruiser  of  3,300  tons  dis- 
placement, 12,000  indicated  horsepower,  and  22  knots  speed 
for  the  Imperial  Ottoman  government  has  been  commenced. 

During  the  year  we  have  completed  and  delivered  to  their 
owners: 

The  twin  screw  steamships  "Esperanza"  and  "Monterey," 
of  5,000  tons  gross  register,  for  the  New  York  and  Cuba  Mail 
Steamship  Company. 

The  single  screw  steamships  "Apache"  and  "Arapahoe," 
of  3,350  tons  gross  register  each,  for  the  Clyde  Line. 
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We  have  begun  the  construction  of  a  tank  steamer  to 
carry  6,000  tons  dead  weight,  or  in  other  words,  1,500,000 
gallons  of  oil. 

Work  has  progressed  upon  the  large  passenger  steamships 
'^Kroonland*'  and  '*Findland''  for  the  International  Navigation 
Co.,  12,500  tons  gross  register  each,  and  10,000  indicated 
horse  power  each,  these  vessels  being  now  nearly  ready  to 
launch. 

We  have  also  built  during  the  year  a  steel  pontoon  for  a 
new  floating  derrick  under  construction  by  the  government 
for  use  at  the  New  York  Navy  Yard;  and  a  caisson  to  be  used 
for  the  new  Navy  dry-dock  at  Boston. 

We  have  continued  the  manufacture  of  the  important 
hydraulic  plant  for  the  various  water  power  systems  at  Niagara 
Falls;  also  the  construction  of  a  powerful  hoisting  plant  for  the 
Calumet  and  Hecla  Mining  Co.,  besides  a  great  volume  and 
variety  of  smaller  engineering  work,  which  need  not  in  this 
connection  be  particularized. 

With  regard  to  improvements  in  plans  and  methods,  we 
have  during  the  year  1901  completed  the  installation  of  our 
pneumatic  power  system  by  means  of  which  nearly  all  riveting, 
caulking,  chipping,  boring  and  portable  drilling  is  now  carried 
on,  the  amount  of  hand  work  employed  in  these  directions 
being  now  reduced  to  a  minimum. 

We  have  installed  and  have  put  in  operation  three  over- 
head travelling  cranes  or  gantries,  each  of  which  serves  two 
building  slips 

We  have  completed  and  put  in  operation  a  new  machine 
shop,  which  is  among  the  largest  and  best  appointed  in  the 
world,  being  supplied  throughout  with  new  tools,  all  of  which 
are  operated  by  electric  motor-power.    • 

Most  of  these  operations  were  begun  before  this  year,  but 
as  they  have  all  been  completed  and  brought  into  successful  use 
during  the  year,  we  think  they  should  be  included  as  part  of 
its  operations. 
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On  the  whole,  it  may  be  said  that  the  enlargements  and 
improvements  above  referred  to  have  nearly,  if  not  quite,! 
doubled  the  capacity  of  the  plant  as  it  was  three  years  ago. 

Very  truly  yours, 

Chas.  T.  Taylor, 

Secretary  and  Treasurer. 


Information  and  data  received  from  Manufacturers  of  Engines: 

ALLIS-CHALMERS  CO., 

Milwaukee,  Wis.,  November  14th,  1901. 

Dear  Sir: — 

In  reply  to  your  favor  of  October  31st,  we  may  mention 
the  following  as  some  of  the  large  installations  which  we  have 
sent  out  during  the  last  year,  the  ones  selected  being  those  which 
we  think  would  be  of  most  interest  to  your  hearers: — 

Two  engines  of  the  3  cylinder  compound  type,  each  of  2500 
K.  W.  capacity,  for  the  City  of  Glasgow.  It  is  interesting  to 
know  that  in  spite  of  the  bitter  opposition  by  the  British  Press, 
the  Glasgow  authorities  were  exceedingly  anxious,  after  the 
receipt  of  the  first  two,  for  us  to  send  them  two  more.  The 
order,  however,  was  declined  on  account  of  time  of  delivery. 
We  have  sent  one  engine  of  1600  K.  W.  capacity,  vertical  com- 
pound, to  Sydney,  N.  S.  W.  for  the  Government  tramways 
there.  To  Southern  Russia — two  large  steeple  compound  verti- 
cal blowing  engines,  each  with  two  87  in.  air  cylinders.  A 
duplicate  went  to  Birmingham,  England.  These  engines  are 
both  of  the  standard  type  used  extensive  in  the  iron  districts 
of  this  country,  and  of  which  we  have  furnished  during  the  past 
year,  in  the  Pittsburg  district,  in  the  neighborhood  of  thirty, 
with  air  cylinders  varying  from  87  in.  to  100  in.  These  are 
distributed  between  Jones  &  Laughlins,  Carnegie,  Riverside 
Iron  Works,  National  Steel  Co.  at  Bellaire,  Newcastle  and. 
Mingo  Junction. 
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For  Street  Railway  lines  the  most  notable  order  was  one 
for  eight  engines  for  the  Manhattan  Elevated  Railway  Co. 
These  are  the  doable  combined  horizontal  and  vertical  type,  each 
with  two  high  pressure  cylinders  44  in.  diameter,  low  pressure 
cylinders  88  in.  diameter,  all  by  60  in.  stroke.  The  horse  power 
at  best  load  is  8000,  and  a  maximum  of  12,000  per  unit  is 
guaranteed.  This  has  recently  been  followed  by  an  order  for 
six  more  of  the  same  type  for  the  new  sub-way  of  New  York 
City. 

Another  new  departure  i6  the  Worcester  blooming  mill 
engine.  This  is  similar  to  one-half  of  the  Manhattan  type 
engine.  There  is  a  horizontal  and  a  vertical  engine,  each  with 
a  44  in.  x  60  in.  cylinder,  connected  to  the  same  crank  pin. 
This  leaves  room  for  the  valve  gear  at  one  side,  and  leaves  one 
end  of  the  shaft  entirely  free  for  direct  connection  to  the  rolls. 
It  is  pronounced  by  everyone  who  has  seen  it,  the  most  success- 
ful engine  for  this  class  of  work  that  was  ever  built.  We  are 
building  a  second  one,  which,  however,  will  be  compound,  44 
in.  X  78  in.  x  60  in.,  for  the  Carnegie  people. 

As  to  prophecy  in  regard  to  size  of  engines,  our  experience 
seems  to  indicate  that  with  2500  H.  P.  to  the  cylinder,  the  limit 
for  reciprocating  engines  has  been  pretty  nearly  reached.  This 
gives  5000  H.  P.  to  the  ordinary  cross-compound  engine,  or 
10,000  H.  P.  to  the  engines  of  the  Manhattan  type.  It  is  doubt- 
ful whether  this  will  be  much  exceeded,  if  at  all. 

Regarding  the  new  types,  it  is  perhaps  idle  to  prophesy. 
We  are  showing  our  faith  in  a  continued  demand  for  the  Corliss 
type  by  spending  something  like  three  million  dollars  on  a  plant 
which  will  cover  a  good  part  of  100  acres  of  ground,  to  care 
for  our  present  business  in  this  line  of  work,  and  there  is  room 
and  provision  made  for  the  extension  which  we  believe  will  be 
required. 

This  shows  our  faith  that  there  will  not  be  anv  immediate 
change,  to  say  the  least,  in  the  type  of  engine  used  in  our  large 
industries.  Yours  truly, 

Edwin  Reynolds,  Chief  Engineer. 
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THE  WE8TINGH0USE  MACHINE  COMPANY, 

January  10th,  1902. 
Dear  Sir: — 

Answering  your  favor  of  January  6th,  I  will  endeavor  to 
give  you  a  short  statement  of  the  notable  things  we  have  been 
doing  during  the  past  year.  We  have  built  and  erected  during 
the  past  year,  three  distinct  types  of  very  large  steam  engine 
units,  all  for  the  purpose  of  driving  electric  generators,  and  all 
of  them  located  in  eastern  cities  of  this  country. 

One  of  these  units  is  of  the  following  description:  The 
high  pressure  cylinder  is  46  in.  diameter,  the  low-pressure 
cylinder  86  in.  diameter,  stroke  60  in.,  revolutions  75  per 
minute.  This  engine  is  fitted  with  Corliss  valve  gear  through- 
out, and  operates  to  drive  a  2850  K.  W.  A.C.  generator,  run- 
ing  in  multiple  with  other  units  in  the  same  station  as  well  as 
with  engines  in  other  sub- stations  of  the  same  Company  at  re- 
mote distances.  I  enclose  herewith  a  small  photograph  show- 
ing this  engine,  in  fair  detail,  which  will  enable  you  to  compre- 
hend something  of  its  general  character.  The  shaft  of  this 
engine  is  probably  the  largest  speciment  of  its  kind  ever  brought 
to  Pittsburg,  it  was  forged  by  the  Bethlehem  Steel  Co.,  South 
Bethlehem,  Pa.,  from  a  fluid  compressed,  open  hearth,  steel 
ingot.  Forging  was  done  by  hydraulic  press,  and  the  shaft  was 
hollow  forged,  that  is  to  say^  the  ingot  was  first  bored  out  along 
axis,  by  a  process  which  removes  the  unsound  metal  at  the  core 
or  heart  of  the  ingot;  a  mandril  was  introduced  into  this  hole 
after  the  ingot  was  heated,  and  the  hydraulic  press  thus  had  to 
penetrate  a  reduced  mass  of  metal.  The  forging  of  a  shaft  by 
this  means  is  more  dependable  and  more  reliable  than  by  the 
old  method.  The  shaft  was  shipped  rough -machined  from 
Bethlehem  to  Pittsburg,  and  in  our  lathes  we  finished  the 
machine  work,  making  all  the  fits,  cutting  the  keyseats,  and 
making  it  ready  to  go  into  the  engine.  The  flywheel  of  this 
engine  is  somewhat  of  a  novelty,  being  made  up  of  steel  cast- 
ings, as  respects  the  arms  and  the  rim;  the  hub  sections  were 
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made  of  air  furnace  cast  iron,  having  a  strength  some  50  % 
higher  than  ordinary  cupola  metaL  The  total  weight  of  this 
immense  wheel,  which  is  28  ft.  in  diameter  is  840,000  pounds. 
Its  bore,  that  is  to  say,  the  diameter  of  the  shaft  where  it  fits, 
is  39  in.  The  engine  is  provided  with  reheating  receiver,  in 
which  the  steam  exhausted  by  the  high  pressure  cylinder,  and 
on  its  way  to  the  low-pressure,  is  first  drained  and  then  slightly 
superheated  by  passing  through  tubes  surrounded  by  live  steam. 
This  engine  runs  regularly  with  condenser,  and  has  developed 
as  high  as  6,000  HP  per  unit.  We  have  two  of  these  units 
now  in  active  service  in  Brooklyn,  N.  Y.  Total  weiojht  of  this 
engine  is  about  1,100,000  pounds.  The  bedplates  of  each  side 
weight  86,000  pounds  each 

The  second  type  of  engine  to  which  we  have  referred,  is 
very  similar  to  the  first  engine,  except  that  in  this  case,  the 
high-pressure  cylinders  are  equipped  with  four  poppet  valves, 
instead  of  the  Corliss  valves.  The  motive  in  makinor  this  chancre 
in  design  was  to  permit  the  use  of  superheated  steam,  which  is 
becoming  more  or  less  popular,  and  which  has  certain  theoretical 
advantages  favoring  low  steam  consumption.  The  general  style 
and  appearance  of  the  engine  is  otherwise  very  similar  to  that 
shown  in  the  photograph.  We  are  building  and  have  almost 
completed  the  erection  of  two  such  units  as  this  for  a  large 
elevated  railway  company  in  Boston. 

The  third  type  of  engine  referred  to  is  of  quite  diflFerent 
construction.  This  engine  has  three  cylinders  and  three  cranks, 
in  fact  it  might  be  regarded  as  three  separate  engines  set  side 
by  side  on  a  common  bedplate.  The  cranks  are  divided  at  ir- 
regular intervals,  approximating,  but  not  quite,  120"  apart,  so 
as  to  produce  the  most  even  turning  movement,  and  the  most 
regular  speed  of  revolution.  The  high-pressure  cylinder  in  this 
instance  is  t^Y  diameter.  The  engine  has  two  low-pressure 
cylinders,  each  75^"  diameter,  placed  on  either  side  of  the 
high-pressure  cylinder. above  referred  to.  The  stroke  of  the 
three  engines  is  60";  revolutions,  75  per  minute.     This  engine 
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is  equipped  with  poppet  valves  for  its  high-pressure  cylinder, 
for  the  same  reasons  above  mentioned,  namely,  superheated 
steam;  while  the  low-pressure  cylinders  are  equipped  with 
Corliss  valves,  after  the  usual  fashion.  This  engine  is  run  con^ 
densing,  with  175  pounds  gage  pressure,  and  has  developed  as 
high  as  9,000  IHP  per  unit.  We  have  two  such  engines  as 
this  now  in  regular  service,  and  six  others  exactly  similar,  in 
various  stages  of  completion  in  our  works  and  in  the  large 
power  house.  The  power  house  in  which  these  latter  engines 
are  located  is  at  38th  and  39th  Sts.,  East  River,  New  York  City. 
We  are,  as  you  see,  building  among  the  largest  steam  engines 
ever  attempted.  The  "boiler  pressures  of  to-day  are  enormously 
greater  than  they  were  a  few  years  ago,  and  the  present  re- 
quirements call  for  greater  strength  of  design,  massiveness,  and 
substantial  construction.  The  weight  of  the  last  named  engine 
is  approximately  1,600,000  pounds  per  unit. 

As  to  whether  larger  engines  will  be  employed  in  the  near 
future,  it  is  hard  to  say.  Presumably  the  march  of  progress 
will  go  on,  and  engines  still  more  immense  in  size  will  be  called 
for  in  the  next  decade. 

We  are  prepared  to  keep  up  with  the  procession,  and  are 
willing  to  build  as  large  an  engine  as  any  other  concern  in  the 
world  can  safely  undertake.  The  use  of  A.  C.  generators, 
operating  in  mutiple,  has  a  tendency  to  incline  designing  en- 
gineers to  very  large  unit  sizes,  so  as  to  reduce  the  number  of 
units  which  must  run  in  multiple  to  the  fewest  possible. 

We  are  also  building  the  very  high  speed  engine  known 
as  the  turbine  engine.  The  past  year  has  seen  the  installation 
of  the  largest  steam  turbine  ever  built  for  stationary  purposes. 
This  engine  has  developed  as  high  as  3,000  HP,  runs  at  a  speed 
of  1,200  R.  P.  M.,  and  has  attracted  great  attention  among 
steam  engineers  during  the  past  year.  The  engine  is  now  in 
operation  in  the  city  of  Hartford,  Conn.,  and  runs  with  super- 
heated steam  of  high  pressure,  exhausting  into  vacuum.  We 
are  now  at  work  on  plans  for  turbine  engine  of  double  this  size, 
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All  of  these  engines  have  our  positive  inlet  and  automatic 
outlet  gridiron  air  valves. 

We  also  furnished  for  the  new  works  of  the  Union  Steel 
Co.  jDonora,  Pa. ,  a  horizontal  double  tamdem  compound  Porter- 
Allen  engine,  having  two  high  pressure  steam  cylinders  38 '^ 
diameter,  two  low  pressure  steam  cylinders  75''  diameter  by 
60'  stroke,  for  transmitting  power  through  a  rope  wheel  13  ft. 
face,  weighing  225,000  lbs.,  and  also  coupled  direct  by  return 
crank  on  one  side.  The  crank  shaft  for  this  engine  weighed 
125,000  lbs. 

The  engine  will  develop  about  9, 000  H.  P.  maximum.  We 
furnished  this  same  company  with  two  smaller  cross  compound 
engines,  and  engines  for  their  electric  power  station. 

We  also  furnished  to  the  Colorado  Fuel  and  Iron  Co.  a 
horizontal  tandem  compound  Porter- Allen  engine.  40 "and  75 *x 
60",  which  will  couple  direct  to  mill,  and  has  a  fly-wheel 
weighing  180,000  lbs.,  made  in  two  pieces. 

We  have  also  built  this  year  a  compound  reversing  engine 
for  a  slabbing  mill,  the  first  of  its  type  produced  in  this  country. 
It  drives  through  steel  gears  with  cut  teeth,  and  mounted  on 
end  of  bed  plate.  A  pair  of  simple  reversing  engines  are  in- 
cluded with  the  outfit  for  driving  the  vertical  rolls.  This  en- 
gine weighs  1,250,000  lbs. 

Jn  addition  we  have  done  a  large  volume  of  business  of 
ordinary  character.  We  only  refer  above  to  the  large  exam- 
ples. 

Hoping  this  furnishes  the  information  you  will  need  for 
your  address  to  the  Engineers'  Society  of  Western  Pennsylva- 
nia, and  that  you  will  find  it  useful  to  you,  we  remain. 

Very  truly  yours, 

Jas.  H.  Maloney, 

Secretary. 
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Information  and  data  received  regarding  Pumping  Ma- 
chinery:— 

P.  H.  &  F.  M.  ROOTS  CO. 

CONNERSVILLE,   InD.,  DcC.   26,    1901. 

Dear  Sir:— 

Your  letter  of  the  7th  inst.  was  received  daring  my  absence 
from  home. 

Beg  to  say  that,  as  far  as  our  pumps  are  concerned,  we  have 
not  fully  developed  them  for  the  difterent  purposes  they  will  be 
utfed  in  the  future  and  could  only  give  you  a  limited  amount  of 
information  in  regard  to  them. 

We  have  a  large  pump  installed  at  the  sugar  plantation  of 
Schmidt  &  Zigler,  New  Orleans,  which  is  used  for  drainage 
purposes.  This  pump  is  working  under  a  head  of  from  nine  to 
ten  feet,  is  handling  about  35,000  gallons  per  minute,  and  is  far 
more  economical  than  a  centrifugal  pump,  under  the  same  head, 
handling  the  same  quantity  of  water.  Our  pumps  are  positive 
in  their  action,  just  as  a  reciprocating  pump  is.  They  require 
no  priming  or  foot  valves. 

We  are  now  building  two  pumps  for  the  Jones  &  Laughlius 
Co.,  Pittsburg,  to  be  used  for  handling  circulatinsr  water  for 
condensers.  These  pumps  are  to  have  capacity  of  20^000  gal- 
lons per  minute. 

We  are  about  ready  to  ship  a  pump  to  the  Illinois  Steel 
Co.,  So.  Chicago,  having  capacity  of  11,500  gallons  per  minute, 
and  capable  of  working  against  a  head  of  150  pounds. 

In  regard  to  gears  on  these  pumps,  beg  to  say  they  are 
made  of  what  we  call  semi-steel — that  is,  of  a  first-class  quality 
of  Bessemer  iron,  with  a  mixture  of  steel  to  toughen  it,  and  for 
100  pounds,  the  gears  we  have  on  these  machines  will  be  amply 
heavy. 

Yours  truly, 

E.  D.  Johnston, 

Pres.  and  Gen.  Mgr. 
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ALLIS-CHALMEKS  CO. 

Milwaukee,  Wis.,  Dec.  11,  1901. 
Dear  Sir: — 

Replying  to  your  favor  of  December  7th,  regarding  large 
pumping  engines  for  irrigation  purposes,  we  are  glad  to  know 
that  you  also  are  acquainted  with  and  appreciate  the  very  valu- 
able work  which  Mr.  Mead  is  so  quietly  carrying  forward.  We 
are  especially  interested  in  it  because  we  know  Mr.  Mead  per- 
sonally, and  know  of  his  absolute  integrity,  and  that  the  work 
outlined  by  him  will  certainly  result  in  very  great  benefit  to 
our  western  states,  and  will  be  absolutely  free  from  even  a 
suspicion  of  jobbery,  which  we  think  very  rightly  attaches  to  a 
great  deal  of  the  irrigation  legislation  which  is  most  clamorously 
advocated. 

We  have  made  a  specialty  of  large  pumps  for  similar  classes 
of  work.  We  have  at  New  Orleans  for  the  draining  of  the  city, 
6  oi  8  units  of  250  cubic  feet  per  second  capacity  each  when 
working  against  a  10  ft.  head.  These  are  electrically  driven, 
and  give  a  duty  of  about  55  million  foot  pounds  per  thou^nd 
pounds  of  dry  steam.  This  includes  pump,  motor,  transmis- 
sion, generator  and  engine  losses.  The  equivalent  duty  for  a 
direct  steam  driven  pump  would  be  between  90  and  100  million. 

We  have  at  Boston  9  pumps  lifting  water  and  sewage 
against  a  head  of  about  1 9  feet.  These  pumps  are  from  75  to 
100  cubic  feet  capacity  per  second,  and  give  a  duty  of  over  95 
million  foot  pounds  per  100  pounds  of  coal  without  deductions 
of  any  kind.     These  pumps  ate  all  centrifugal. 

We  are  under  contract  to  famish  a  plant  valued  at  about 
$300,000  with  this  type  of  pump  for  handling  the  sewage 
and  storm  water  for  the  Citv  of  Washington,  besides  numerous 
smaller  contracts  at  various  places. 

We  have  also  made  a  specialty  of  screw  pumps,  to  be  in- 
stalled where  the  lifts  were  moderate  and  the  quantity  of  water 
to  be  handled  was  great.  The  largest  of  these  is  installed  at 
Milwaukee,  and  has  a  capacity  of  about  600  cubic  feet  per  second 


president's  annual  address.  39 

against  a  head  of  3  or  4  feet.  We  also  have  half  a  dozen  of 
these  pumps,  each  of  250  cubic  feet  per  second  capacity,  installed 
at  New  Orleans  for  raising  storm  water,  the  head  varying  from 
nothing  up  to  5  or  6  feet.  These  pumps  also  give  a  duty  of 
upwards  of  90  million.  The  success  of  this  type  of  pump  where 
large  quantities  of  water  are  to  be  handled,  has  led  to  Ih^r  be- 
ing specified  in  a  number  of  recent  installations,  and  about  the 
date  of  the  delivery  of  your  lecture  two  will  be  contracted  for 
delivering  lake  water  to  flush  the  south  branch  of  the  Chicago 
river,  each  of  wliich  will  have  a  capacity  at  normal  speed  of 
about  700  cubic  feet  per  second  against  a  head  of  7  feet. 

We  hardly  feel  like  making  any  prophetic  remarks,  further 
than  to  say  that  for  a  number  of  years  we  have  been  building 
machinery  of  this  class  giving  an  efSciency  of  practically  double 
that  which  is  usually  credited  to  pumps  of  this  nature.  This 
is  just  beginning  to  be  realized  in  the  engineering  world,  and 
perhaps  the  only  prophecy  that  we  would  care  to  make  is  that 
there  is  a  prospect  of  a  considerable  demand  for  high  duty 
units  of  this  type. 

Yours  truly, 

Edwin  Reynolds, 

Chief  Engineer. 

Information  and  data  regarding  Bridge  Building: — 

.    AMERICAN  BRIDGE  CO., 

Pittsburg  Division, 

Jan.  8th,  1902. 
Deab  Sib: — 

In  reply  to  yours  of  the  6th  inst. ,  asking  for  information 
in  regard  to  bridge  work;  we  give  you  the  following  notes: 

Probably  thiB  heaviestdouble  track  through  truss  spkn  erect- 
ed to  date,  is  the  span  of  the  Union  K.  R*  at'Bankin,  Pa:,  con- 
necting the  Carrie  Furnaces  with  the  Homestead  Steel  Works 
of  the  Carnegie  Steel  Co.,  which  weighs  2,500  tons,  and  witb& 
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metal  flooring  for  the  hot  metal  track  300  tons  additional,  mak- 
ing total  weight  of  2, 800  tons.  This  was  completed  during  the 
year  1901. 

Our  company  also  has  a  contract  for  the  double  track 
•cantilever  bridge  over  the  Monongahela  River  for  the  entrance 
of  the  Wabash  K.  K.  into  Pittsburg.  The  channel  span  will  be 
^60'  and  will  require  14''  eye-bars,  with  probably  36'  heads, 
which  are  in  excess  of  anything  that  has  been  manufactured  in 
the  past. 

We  enclose  a  newspaper  clipping  in  reference  to  this  work 
which  may  have  escaped  your  notice. 

One  of  the  old  time  railroad  bridges  will  be  replaced  the 
ooming  year,  by  a  new  structure,  viz. — the  bridge  No.  1  over 
the  Allegheny  Kiver  for  the  P.  F.  W.  &  C.  Ry.  This  structure 
will  have  two  tracks  on  the  upper  deck  and  two  on  the  lower, 
which  makes  it  one  of  special  design. 

Another  one  of  the  old  time  bridges  which  will  be  dis- 
placed, will  be  the  bridge  for  the  P.  C.  C.  &  St.  L.  over  the 
Monongahela  River  at  Pittsburg,  which  has  cast  iron  end 
posts  and  top  chord,  which  will  be  replaced  by  the  new  modern 
steel  structure. 

These  are  the  most  prominent  engineering  works  to  which 

I  can  call  your  attention,  that  are  in  process  of  execution  at  the 

present  time. 

Yours  truly, 

James  K.  Lyons, 

Assistant  Division  Engineer. 

In  formation  and  data  regarding  the  manufacture  of  Glass: 

MACBETH-EVANS  GLASS  CO. 

Dear  Sir:—  Dec.  4th,  1901. 

As  to  changes  in  the  glass  business  in  the  way  of  improved 
methods  of  manufacture  and  quality,  it  may  be  said  there  are 
some  striking  circumstances  in  its  development. 
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So  far,  in  the  window  glass  making,  the  sole  improvement 
has  been  in  the  use  of  very  large  tanks  which  it  might  be  safe 
to  say  economize  fuel  at  least  50%.  Outside  of  this  at  the 
present  time  there  is  no  difference  in  the  process  of  blowing  it 
into  large  cylinders,  as  has  been  the  custom  for  many  years. 

As  to  pressed  glass,  under  which  name  we  designate  what  is 
known  in  commerce  as  < stable- ware,''  there  has  not  been  much 
if  any  change,  except  as  dictated  by  skilled  mechanics,  but  the 
improvement  has  been  steady  and  gradual  in  the  last  twenty 
years,  both  in  quality  and  design,  although  it  is  to  be  noted 
there  is  some  improvement  contemplated  which  will  make  glass 
dishes  all  but  equal  to  the  finest  cut  ware. 

In  bottles  and  such  articles  as  fruit  jars  a  complete  revo- 
lution has  taken  place,  and  the  manufacture  of  fruit  jars  is  an 
instance  of  the  trend  of  many  articles.  Formerly  these  articles 
were  blown  in  a  mould  by  the  breath  of  a  workman,  the  man 
receiving  about  $4. 50  per  day  for  this  work.  Almost  the  entire 
output  now  is  made  by  machinery,  and  the  saving  has  been  very 
great  in  every  respect.  There  is  no  blowing  by  the  workman — 
it  is  done  by  compressed  air  automatically,  aud,  whereas,  these 
goods  sold  twenty-five  years  ago  for  $16.00  per  gross,  they 
have  now  reached  as  low  a  price  as  $3.00  per  gross,  but  a  much 
better  article.  Formerly  the  articles  coming  from  the  mould 
required  a  second  process  to  complete,  but  now  they  come  from 
the  mould  complete,  finished  better  and  with  a  uniform  quantity 
of  glass  in  each  jar.  The  workman  in  place  of  receiving  $4.50 
per  day,  makes  $6.00. 

The  consumption  of  this  article  is  about  700,000  gross  per 
annum,  which  will  show  the  enormous  saving  to  the  public  on 
this  now  necessary  article.  Almost  everybody  wishes  to  pre- 
serve the  various  fruits  in  which  the  country  is  abundant  at  one 
time  of  year,  and  this  makes  it  within  the  reach  of  all,  as  a 
purchaser  now-a-days  can  go  to  almost  any  grocer  and  get  a 
dozen  jars  nicely  put  up  in  a  wood  box  for  25  or  30  cents, 
whereas  before  they  would  have  cost  $1.50. 
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This  is  a  case  in  which  it  is  perfectly  evident  that  lower 
price  brings  greater  consumption — due  to  the  advent  of  ma- 
chinery, which  entirely  superseded  the  old  process,  and  to  which 
the  workmen  were  extremely  hostile — has  not  only  been  a  bene- 
fit  to  the  workman  but  the  entire  community. 

Most  all  kinds  of  bottles  are  now  being  made  by  machinery 
with  a  similar  result,  so  that  it  might  be  said  these  two  branches 
are  entirely  revolutionized,  and  the  consumption  increased  to 
such  an  extent  as  to  make  the  workmen  as  much  in  demand  as 
ever. 

Another  machine  has  made  its  appearance,  though  as  yet 
in  its  early  stages,  namely,  the  Owens  Blowing  Machine,  and 
while  this  machine  is  supposed  to  have  somewhat  the  same  ef- 
fect, it  is  hardly  likely,  as  it  is  more  designed  for  combining 
quality  with  quantity;  and  from  the  impossibility  of  turning 
out  the  finished  article  which  it  is  designed  to  make,  it  will 
probably  not  make  the  complete  revolution  as  indicated  in  the 
fruit-jar  machine.  It  is  a  perfectly  successful  apparatus  having 
much  more  speed  than  the  ordinary  blowing  by  force  of  the  hu- 
man lungs,  as  there  is  none  of  this  work  to  do.  However  this  ma- 
chine is  noted  for  turning  out  perfectly  finished  articles,  so  far  as 
smoothness  and  accurancy  of  shape  are  concerned,  and  is  nearly 
unlimited  in  the  variety  of  articles  it  will  make.  The  man  who 
takes  the  place  of  the  blower  simply  places  the  article  in  the 
machine,  when  it  is  turned  and  blown  and  carried  away  from, 
him,  while  the  empty  moulds  in  their  revolution  are  carried  to 
him.  This  cuts  off  two-thirds  of  the  work,  but  the  accurate 
regulation  of  air  pressure  in  this  is  a  great  success  and  a  great 
improvement  over  the  human  lungs.  Of  course  it  has  met  with 
the  utmost  hostility  on  the  part  of  the  workmen, .  although  by 
this  process  they  can  earn  more  money  at  a  less  expenditure  of 
muscle  and  not  much  expenditure  o£  brain. 

The  clearness  and  accuracy  of  the  goods  made  in  this 
machine  are  marvels  of  what  can  be  done  in  a  very  large  number 
of  articles  of  almost  universal  consumption.     It  is  operated  by 
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electric  power,  and  not  connected,  with  anything  except  by  the 
wire. 

A  word  might  be  said  in  regard  lo  the  manufacture  of 
artistic  glass,  and  by  artistic  glass  we  mean  articles  of  Iqxury 
and  ornament  purely.  It  may  be  truthfully  said  that  Pittsburg 
has  not  been  very  prominent  in  this  field,  possibly  owing  to  the 
nature  of  the  commodities  manufactured  in  a  coal-producing 
center  like  we  have.  Most  of  our  commodities  partake  of  the 
nature  of  steel  and  iron — heavy  and  rough — meant  for  the 
masses,  and  it  seems  it  has  not  been  conducive  to  the  finer  arts 
in  either  brass,  iron  or  glass. 

There  has  been  among  us  a  deficiency  in  education  in  re- 
gard to  matters  of  design.  We  have  not  had  much  to  promote 
it,  but  if  we  embrace  the  movement  in  the  country  at  large,  it 
might  be  said  that  the  most  artistic  glass  has  been  produced  in 
the  United  States  in  the  past  few  years  ever  known.  The 
peculiar  combination  of  color  and  the  chemistry  of  it  are  far  in 
advance  of  anything  ever  attempted  before.  (I  refer  to  the  Tif- 
fany glass. )  Our  own  manufacturers  of  clear  and  colored  glass 
has  been  able  to  call  in  the  aid  of  chemistry  more  and  more  as 
the  establishments  became  larger,  to  great  benefit  in  the  clear- 
ness and  transparency,  and  there  is  a  better  use  of  chemicals  than 
ever  before. 

It  impossible  to  give  statistics  of  the  quantity  or  amount 
of  the  different  kinds  of  glass  manufactured.  The  headquarters 
of  our  largest  manufacturing  concerns  are  in  Pittsburg,  but  the 
factories  are  scattered  in  many  places  and  it  is  difficult  to  sep- 
arate the  different  articles  made,  either  as  to  quantity  or  value. 
The  quantity,  exported  is  also  unknown,  as  well  as  the  quantity 
imported,  and  statements  as  to  this  are  only  to  be  told  in  the 
lump  sum  embracing  the  whole  United  States. 

Geo.  a.  Macbeth. 
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advantage  of  varying  the  voltage  at  each  sub-station  to  accom- 
modate the  immediate  district  to  which  it  supplies  power. 

This  double  current  generator  also  has  the  advantage  of 
being  able  to  use  all  its  power  either  in  the  vicinity  of  the  sta- 
tion or  in  the  outlying  districts  which  it  is  supplying,  or  any 
portion  of  its  current  in  this  way,  so  that  as  the  leak  of  the 
load  on  the  station  shifts  from  one  part  of  the  system  to  another, 
the  current  generated  by  this  machine  can  be  transmitted  to 
whatever  part  of  the  system  it  is  required. 

This  machine  is  the  most  flexible  unit  which  can  be  used 
by  companies  supplying  current  to  thickly  populated  districts, 
where  the  load  on  a  station  is  very  great  and  economy  of  space 
and  operation  is  required. 

I  recently  wrote  you  giving  some  information  in  regard  to 
2,500  KW  double  current  generator  in  Chicago.  There  is  one 
point  which  I  failed  to  mention,  namely,  that  this  machine  is 
the  largest  of  this  type  which  has  ever  been  built. 

The  MP-36-2700-75,  575  v.  generator  installed  at  Lincoln 
Wharf  Power  Station  of  the  Boston  Elevated  R.  R.  is  the  largest 
direct  current  railway  generator  in  the  world.  Although  its 
normal  capacity  is  but  2,700  KW,or  4,700  amperes,at  575.volt8, 
it  has  an  overload  capacity  of  50%  for  two  hours  and  of  100% 
for  ten  minutes,  representing  at  normal  load  3,600  electrical 
horsepower  output,  5,400  HP  at  50%  overload,  and  7,200  HP 
at  100  %  overload.  These  are  not  mere  theoretical  values,  as 
the  machine  has  been  successfully  tested  and  demonstrated 
these  ratings. 

The  net  weight  of  the  machine  is  320,000  lbs.,  of  the 
armature  and  commutator  120,000  lbs.;  of  the  copper  alone  in 
the  machine  30,000  lbs.,  or  15  tons. 

Diameter  of  the  armature  is  21'  8*. 

Diameter  of  the  magnet  frame  29'  3". 

Length  of  the  machine  parallel  to  the  shaft  5'. 

Space  required  on  account  of  moving  magnet  frame  to  un- 
cover armature  for  repairs,  etc.,  T  S". 
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The  special  features  of  construction  are  as  follows: — 

On  account  of  the  large  diameter,  it  was  impossible  to 
transport  the  magnet  frame  in  semi-circular  sections,  as  is  cus. 
ternary,  and  hence  it  had  to  be  designed  in  six  sections,  the  top 
sixth  fitting  like  the  keystone  of  an  arch. 

The  armature  had  to  be  built  up  in  place;  photographs 
12,462,  12,460,  and  12,459  showing  the  progress  of  this  work. 

In  order  to  facilitate  the  moving  of  the  magnet  frame,  a 
special  roller  carriage  was  designed,  so  arranged  that  the  weight 
of  the  machine  can  be  lowered  on  the  same,  or  removed  by  one 
man.  Photographs  12,462  and  12,460  show  the  special  tubular 
construction  of  the  armature  spider,  and  also  the  internal  fan 
arrangement  for  efficiently  ventilating  the  armature. 

The  commutator  is  mounted  from  the  armature  spider,  in. 
stead  of  the  armature  hub,  in  order  to  economize  material  and 
facilitate  inspection  and  cleaning. 

In  addition,  I  would  call  your  attention  to  article  and  pic- 
tures in  Steam  Engineering,  No.  2,  volume  No.  3,  issued  Oct. 
15,  1901.  The  advantages  of  a  large  set  of  this  sort  have  al- 
ready been  pointed  out  in  Mr.  Tremper's  note  of  December  9, 
that  is,  economy  in  attendance,  steam  consumption,  oil,  sup- 
plies, and  also  in  floor  room. 

THE  WESTINGHOUSE  COMPANIES— PUBLISHING  DEPARTMENT. 

November  29,  1901. 
Dear  Sik  :  — 

We  have  your  letter  of  November  21st  asking  for  informa- 
tion in  regard  to  machines  of  large  capacity  built  by  this 
Company  during  the  last  year.  We  are  able  to  inform  you  that 
we  have  made  a  record  in  the  building  of  large  machines  last 
year. 

The  5,000  KW  alternators,  a  number  of  which  we  are  just 
now  completing  for  the  Manhattan  Elevated  Railway  Company, 
of  New  York  City,  are  the  largest  machines  of  this  kind  ever 
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built.  We  have  prepared  a  descriptive  article  upon  these  gen- 
erators which  we  intend  sending  out  to  the  technical  press  within 
a  few  days.  When  we  do  so  will  be  glad  to  send  you  a  copy, 
from  which  you  will  be  able  to  get  further  information  in  re- 
gard to  these  machines. 

The  Westinghouse  Machine  Company  has  furnished  eight 
6,000  IIP  cross-compound  engines  to  the  New  York  Edison 
Company  (which  has  been  merged  into  the  New  York  Gas, 
Electric  Light,  Heat  and  Power  Co.,)  and  you  will  find  a  full 
description   of  them   in   the  Electrical    World  of  May  26tb. 

We  are  also  furnishing  some  rotary  converters  for  the 
Manhattan  Elevated  Railway  of  1,500  KW  each.  These  are 
the  Jargest  rotary  converters  ever  projected. 

At  the  present  time  we  are  building  some  static  trans- 
formers for  the  Montreal  &  St.  Lawrence  Light  &  Power 
Company.  These  are  to  be  of  2,750  KW  each.  We  are  not 
prepared  to  give  out  any  detailed  information  about  them  as 
yet. 

One  of  the  developments  of  the  past  year  which  you  might 
wish  to  incorporate  in  your  address  is  the  ''Nernst  Lamp." 
You  will  find  this  quite  fully  described  by  Mr.  A.  J.  Wurts  in 
his  paper  read  before  last  summer's  meeting  of  the  American 
Institute  of  Electrical  Engineers.  The  Nernst  Lamp  Company, 
Pittsburor,  Pa.,  will  be  glad  to  send  you  a  copy  of  this  jmper. 

We  are  building  5,.000  HP  generators  for  the  St.  Lawrence 
Power  Company^  and  these  will  be  installed  in  their  great  plant 
at  Massena,  N.  Y.     Figure  X  illustrates  these. 

The  alternators  mentioned  above  for  the  Manhattan  Ele- 
vated Railway  are  of  the  same  type  as  those  to  be  furnished  by 
us  for  the  Rapid  Transit  Railway,  of  New  York  City. 

It  may  interest  you  to  know  that  five  mammoth  plants  in 
New  York  City  will  aggregate,  when  completed,  nearly  half  a 
million  horse  power.  The  great  uses  of  mechanical  power  on 
Manhattan  Island  is,  we  believe,  unique  as  a  sociological  and 
historical  fact,  and  you  may  find  it  interesting  enough  to  be 
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alluded  to  in  your  presidential  address.  We  are  enclosing  you 
an  article  which  we  have  recently  prepared  upon  this  subject, 
and  from  which  you  are  welcome  to  take  as  much  as  you  wish. 
It  has  not  as  yet  been  published. 

We  are  not  inclined  to  enter  the  field  of  prophesy  in  our 
official  capacity,  but  following  out  the  line  indicated  in  the  en- 
closed article  you  may  be  able  to  forecast  the  conditions  of 
society  when  the  world  in  general  has  reached  a  development 
corresponding  to  that  of  New  York  City. 

If  you  wish  to  get  photographs  for  illustrating  any  of  the 
subjects  we  have  mentioned  above,  do  not  hesitate  to  call  upon 
us  for  them. 

Hoping  what  we  have  said  may  be  of  some  value  to  you, 
and  asking  you  to  write  further  in  case  there  is  anything  else 
we  can  do  for  you,  we  are. 

Yours  truly, 

George  A.  Gibson. 

L.   B.   STILLWELL,  CONSULTING  ELEC.   ENGINEER. 

January  9th,  1002. 

Dear  Mr.  Fisher, 

Replying  to  your  letter  of  January  7th,  would  say  that  the 
Manhattan  Railway  Company  has  contracted  with  the  Allis- 
Chalmers  Company  for  eight  engines  and  with  the  Westinghouse 
Elec.  &  Mfg.  Co.,  for  a  corresponding  number  of  alternators. 
The  rated  output  of  each  alternator  is  5,000  KW,  but  each  is 
capable  of  delivering,  for  a  period  of  two  hours,  7,500  KW, 
with  a  rise  of  temperature  not  exceeding  56°C.  Each  engine 
at  most  economical  cutoff  will  develop  about  7,500  HP,  and  is 
capable  of  delivering  power  exceeding  that  amount  by  about 
50  %.  It  is  expected  that  seven  generating  units  will  suffice  to 
operate  the  system  of  the  Manhattan  Railway  Company  under 
conditions  of  maximum  load  now  contemplated.  The  multiple 
unit  system  of  the  General  Electric  Company  will  be  used  in 
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operating  the  trains.  Four  ears  out  of  ea'ch  six  car  train  will 
be  equipped  with  two  mcftors  each,  the  nominal  rating  of  the 
motors  being  125  HP  each.  I  enclose  herewith  a  printed 
statement  explaining  this  subject  in  some  detail. 

The  Rapid  Transit  Subway  Construction  Company  at  the 
present  time  has  contracted  for  six  units  similar  to  those  ordered 
by  the  Manhattan  Company.  These  six  units  will  suffice  to 
operate  the  system  of  the  Rapid  Transit  Company  under  the 
schedule  which  we  hope  to  put  into  effect,  January  1st,  1904. 
The  power  plant  of  this  Company,  as  also  that  of  the  Manhattan 
Company,  is  capable  of  extension  by  installation  of  additional 
units. 

Prophecy  is  somewhat  dangerous  in  this  field  of  work,  but 
1  am  inclined  to  believe  that  the  next  step  in  the  evolution  of 
steam  driven  electric  plants  of  large  size  will  be  in  the  direction 
of  steam  turbines  rather  than  in  the  use  of  larger  alternator  and 
engine  units.  In  cases  where  the  alternators  are  driven  by 
hydraulic  turbines,  as  at  Niagara,  there  is  no  reason  why  larger 
units  may  not  be  used,  and  in  fact  the  use  of  7,500  KW  units 
for  the  new  plant  of  the  Niagara  Falls  Power  Company  on  the 
Canadian  side  of  the  river  is  practically  determined. 

Very  truly  yours, 

L.  B.  Stillwell. 

STANLEY  ELECTRIC  COMPANY, 

PiTTSFiELD,  Mass. 

The  above  company  did   not   send   any   communication 

supplying  data  referring  to  their  work,   but  referred  to  the 

July  and  October  numbers  of  the  Journal  of  FAedAcity^  Power 

and  Gan^MvA  also  to  volume  46  number  40  of  Engineering  Neim, 

From  these  the  writer  has  culled  a  few  interesting'  points. 

Bay  County's  Power  Company,  San  Francisco,  have  the 

•  

longest  power  transmission  line  in  the  world.     The  length  of 

this  line  is  about  150  miles,  and  in  the  next  year  or  two  it  will 
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probably  be  increased  to  214  miles.  The  power  is  generated 
at  around  Colgate  from  the  waters  of  the  Yuba  river.  The 
present  E.  M.  F.  is  40,000  volts  but  this  will  be  increased  to 
50,000  and  perhaps  60,000  or  70,000  volts.  The  company  is 
delivering  or  just  about  to  deliver  17,000  HP,  and  this  may  be 
increased  to  40,000  HP.  The  head  of  water  on  all  800  feet. 
The  total  amount  of  transmission  line  used  exceeds  3,000  miles. 
Power  is  supplied  for  mining  purposes,  electric  lighting,  and 
various  manufactories,  and  the  extent  of  ground  covered  is  very 
considerable. 

The  power  house  at  Colgate  contains  two  2,000  KW,  three 
900  KW,  and  one  750  KW  Stanley  generators  which  are 
directly  connected  to  the  water  wheel.  They  are  3  phaze,  60 
cycle,  2,400  volt  inductor  machines.  The  power  houses  voltages 
are  increased  by  step-up  transformers  to  40,000  volts  on  the 
transmission  lines.  Said  voltage  is  reduced  as  desired  by  step- 
down  transformers  at  the  other  end  of  said  transmission  lines. 

Information  and  data  regarding  the  manufacture  of  steel  and' 
iron: — 

CARNEGIE  STEEL  COMPANY, 

Jan.  14,  1902. 

Dear  Sir: — 

in  reply  to  your  letter  to  our  Mr.  W.  E.  Corey,  asking 
for  data  to  be  used  in  an  address  before  the  Engineers  Society 
of  Western  Pennsylvania. 

It  is  a  rather  diflBcult  matter  for  us  to  give  you  any  infor- 
mation that  would  be  of  decided  interest,  but  trust  the  follow- 
ing general  items  will  be  of  some  service: 

Last  year  the  Carnegie  Steel  Company  produced  2,300,000 
tons  of  pig  iron;  3,500,000  tons  of  steel  ingots,  and  about  2i 
million  rails  in  number,  aggregating  about  700,000  tons. 

Two  notable  improvements  in  steel  manufacture  are  the 
Kennedy-Morrison  process. for  rolling  rails,  copy  of  which  we 
enclose  herewith,  and  the  Monell  open  hearth  process,  an  ac- 
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count  of  which  you  will  find  on  page  13  of  the  Iron  Trade 
Bevi&w  of  May  31,  1900. 

The  world's  blast  furnace  record  was  broken  twice  in  the 
past  year;  once  by  a  new  stack  at  Carrie  Furnaces  with  790  tons 
of  iron  produced  in  24  hours,  and  later  by  one  of  the  National 
Steel  Company  stacks  at  Youngstown,  producing  806  tons  in  24 
hours. 

Regretting  that  we  cannot  cover  more  ground,  and  trust- 
ing the  above  will  be  of  service  to  you,  we  are, 

Yours  very  truly, 

Jno.  McLeod. 

Assistant  to  Presidents 

Information  and  data  regarding  locomotives: — 

BALDWIN  LOCOMOTIVE  WORKS. 

Philadelphia,  November  11,  1901. 
Dear  Sir: — 

Replying  to  your  favor  of  the  6th  inst.  we  enclose  a  list  of 
statistics  giving  the  yearly  output  of  the  Baldwin  Locomotive 
Works  and  the  number  of  locomotives  exported  during  the  last 
ten  years,  also  a  description  of  the  present  organization  of  the 
works.  You  will  note  that  for  the  year  1900,  1217  locomotives 
were  constructed;  during  the  first  six  months  of  the  current 
year  640  locomotives  were  built,  since  July  1901,  and  at  the 
present  time,  the  construction  is  at  the  rate  of  1500  locomotives 
per  annum. 

We  consider  the  Atlantic  type  of  locomotives  for  fast  pas- 
senger service  one  of  the  most  notable  types  of  recent  con- 
struction. Many  of  this  type  have  been  built  during  the  present 
year.  The  type  was  originated  by  the  Baldwin  Locomotive 
Works 'in  1895,  and  has  proved  itself  eminently  adapted  to  the 
service  for  which  it  was  designed.  Various  roads  have  adopted 
it  under  another  name,  but  still  retain  the  broad  principle  of  the 
Atlantic  type.     It  has  also  been  reproduced  on  foreign  roads. 
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We  send  a  photograph  of  one  of  the  original  locomotives  of  this 
class,  also  one  which  has  been  built  during  the  last  year.  The 
dimensions  of  each  will  be  found  on  the  backs  of  the  photographs. 

The  heaviest  locomotives  in  the  experience  of  these  works 
were  built  for  the  Lehigh  Valley  Railroad,  to  operate  on  the 
mountain  grades  near  Wilkesbarre.  They  are  of  the  consoli- 
dation type,  with  compound  cylinders  of  the  Vauclain  four- 
cylinder  compound  system,  and  are  equipped  with  Wootten 
boilers.  The  boilers  have  4 ,  100  square  feet  of  heating  surface, 
and  the  locomotives  weigh,  in  working  order,  225,000  pounds, 
exclusive  of  the  tender,  202,000  pounds  of  the  weight  being  on 
the  driving  wheels  and  utilized  for  adhesion.  The  locomotives 
were  guaranteed  to  haul  1,000  net  tons,  exclusive  of  the  weight 
of  the  engine  and  tender,  up  a  grade  of  66  feet  in  a  mile,  at  a 
speed  of  7  miles  per  hour. 

A  number  of  locomotives  have  been  built  in  the  past  year 
equipped  with  the  Vanderbilt  boiler.  We  send  you,  under 
separate  cover,  a  pamphlet  containing  an  address  by  Cornelius 
Vanderbilt  which  explains  the  whole  system.  We  also  send  a 
copy  of  our  ''Record  of  Recent  Construction"  No.  20,  describ- 
ing Atlantic  type  locomotives,  and  other  recent  numbers  of  this 
publication,  which  may  contain  something  of  interest  to  you. 

With  regard  to  the  size  of  the  locomotive  which  may  be 
expected  in  the  future  we  will  say  that  for  all  existing  classes 
the  weights  have  doubled  in  the  past  25  or  30  years.  The 
average  weight  will  undoubtedly  further  increase  in  the  near 
future,  and  in  some  cases  by  increasing  the  number  of  driving 
wheels  a  greater  total  weight  may  be  obtained  in  individual 
cases.  The  maximum  weight  per  axle  for  a  100  pound  rail 
seems  already  to  have  been  established  and  utilized  in  many 
instances.  It  is  therefore  doubtful  if  axlf)  loads  exceeding 
55,000  pounds  will  be  used  for  some  time  to  come. 

For  a  prophecy  as  to  the  locomotive  of  the  future,  we  refer 
you  to  Record  No.  25  which  contains  an  article  by  our  Mr. 
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S.  M.  Vauclain  entitled  * 'Locomotives  of  the  Nineteenth  and 
Twentieth  Centuries. ' ' 

If  you  desire  photographs  or  further  information  regarding 
any  of  the  matter  illustrated  in  the  pamphlets,  please  advise  us. 

Very  truly  yours, 

BuENHAM,'  Williams  &  Co. 

R.  H.  Sanford. 

BALDWIN  LOCOMOTIVE  WORKS. 
STATISTICS. 


• 


Production  of  locomotives  in  each  of  the  last  ten  years  and 
percentage  of  total  constructed  for  export: 

Year.                  Total  Output.  Exported.  Per  cent. 

1890  946  144  15.2  % 

1891  899  2iK)  32.25^^ 

1892  731  127  17.37% 

1893  772  102  20.98% 

1894  313  132  42.17% 
189o  401  151  37.65% 
18iHi  oAl  289  52.83% 

.    1897  501  2a5  40.91% 

1898  755  :i48  46.0i)% 

\m,)  \m  375  41.62% 

IIKX)  1217  363  ^)M% 

Number  of  locomotives  turned  out  daily  at  the  rate  of  4^. 
••        '*  **  **      **    yearly,  1,5{:0. 

Weight  of  lightest  locomotive... 5,000  lbi«. 

Weight  of  heaviest         *'         225,000    ** 

Total  tons  of  ca.*^ting>i  per  day • 135 

Heaviest  travelling  crane,  electric KX)  tons  capacity^ 

Nunil)er  of  patterns  in  existence 43,741 

Bolts  and  screws  made  per  week 175,000 

Floors  of  work  shops  calculated  to  support  a  live  load  of  350  lbs.  per  square 

foot. 
Approximate  price  per  pound  of  engine  and  tender  combined,  calculated  on 

net  empty  weight :    Small,  12  to  14c;  Medium,  KX*;  Heavy  and  extra 

heavy,  8c. 

Wages  jaid  each  week i $130,(XX)  average. 

Largest  diameter^of  driving  wheels 84J  in. 
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Number  of  men  employed 10,30(> 

Hours  of  labor  per  man  per  day  « 10 

Principal  departments  run  continually,  hours  per  day 23 

Ilorse  power  employed^ 7,000 

» 

Number  of  buildings  comprised  in  the  Works 33 

Acreage  comprised  in  the  Works 16 

Number  of  dynamos  for  furnishing  power 9 

Horse  power  dynamos  for  furnishing  power 1,800 

Number  of  dynamos  for  furnishing  light  (a  c) 8 

(incandescent) '. 5 

Horse  power  of  electric  motors  employed  for  power  transmissitm, 

aggregate 3,500 

Number  of  electric  lamps  in  service  (arc) ...400- 

(incandescent)  3,500 

Consumption  of  coal  in  net  tons,  per  week,  approximately 2,150 

"  "iron**     "      *'  '*  **  * 3,500 

**  *'  other  materials        '*  **  1,000 


*       H.  K.  PORTER  &  CO. 

Light  Locomotives, 

Dec.  13,  1901. 

Dear  Sir: — 

Replying  to  your  esteemed  favor  of  the  sixth  instant,  I 
wish  to  apologize  for  having  overlooked  making  a  reply  to 
yonr  favor  of  November  6th.  I  appreciate  the  purpose  and 
value  of  the  information  which  you  wish  to  aciiuire  along  the 
lines  of  our  special  work,  and  particularly  as  it  has  been  taken 
up  and  put  into  execution  by  many  of  the  large  locomotive 
builders. 

As  you  undoubtedly  understand,  our  si^ecial  work  has  been 
the  design  and  construction  of  all  types,  sizes  and  guages  of 
locomotives  for  the  lighter  class  of  general  railroad  and  indus- 
trial work,  and  we  have  confined  ourselves  to  the  building  of 
locomotives  having  cylinders  not  to  exceed  in  diameter^and 
stroke  17x24  inches,  and  the  greater  part  of  our  product  is  the' 
class  of  locomotives  with  cylinders  averaging  between  6  and  14 
inches.  It  would  be  diflScult  for  us  to  specialize  our  work  in 
any  way,  inasmuch  as  we  have  had  a  very  large  demand^for 
types  of  light  locomotives  very  different  in  general  appearance 
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and  construction,  dependent  entirely  upon  the  work  that  they 
had  to  do.  For  instance,  we  believe  that  we  have  especially 
achieved  signal  success  in  the  construction  of  narrow  gauge 
locomotives  for  the  heavy  class  of  steel  works  service.  We 
have  also  had  to  meet  an  increasing  and  very  extensive  demand 
for  a  3  foot  gauge  type  of  locomotive,^  weighing  about  12  tons, 
cylinders  9x14  inches,  specially  adapted  to  the  use  of  contract- 
ors who  have  been  responsible  for  the  actual  work  entailed  in 
the  new  construction  of  so  many  miles  of  our  railroads  through- 
out the  country.  There  seems  to  be  a  growing  lield  for  the 
use  of  light  locomotives  not  only  in  the  United  States,  but 
abroad;  and  we  often  find  ourselves  in  a  position  where  we  have 
under  construction  on  our  erecting  floor  possibly  twenty  to 
twenty-five  diiferent  types  of  machines,  in  regard  to  general 
design,  gauge,  &c.,  and  all  being  hurried  to  completion  at  the 
same  time. 

In  the  last  ten  years  we  have  embarked  in  the  construction 
and  design  of  pneumatic  locomotives  for  underground  and 
surface  haulage,  and  we  have  developed  an  increasing  and 
special  demand  for  this  type  of  machine;  and  to-day  we  have 
these  locomotives  in  very  general  use  throughout  the  United 
States.  They  are  used  very  generally  for  underground  haul- 
aore  in  the  anthracite  and  bituminous  mine  districts  of  Pennsvl- 
vania,  also  they  have  been  introdqced  in  the  copper  and  ore 
districts  for  underground  haulage,  as  well  as  for  surface 
haulage. 

We  have  just  completed  a  large  plant  for  the  Anaconda 
Copper  Mining  Company  of  Anaconda,  Montana,  for  handling 
surface  cars  exclusively  throughout  their  entire  plant,  which 
includes  stamping  mills,  etc.,  etc.  We  have  also  completed 
two  very  important  installations  for  the  United  States  Govern- 
ment, storing  up  air  at  1,000  pounds  pressure  and  operating 
locomotives  having  12x16  inch  cylinders  and  weighing  com- 
plete in  working  order  2fi  tons.  These  are  the  heaviest  pneu- 
matic locomotives  that  have  ever  been  designed  and  constructed 
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and  plaeed  in  active  and  successful  operation  in  either  this 
country  or  abroad;  and  while  both  electricity  and  compressed 
air  have  their  well  defined  and  particular  fields  for  successful 
operation,  compressed  air  is  unquestionably  winning  favor  in 
many  instances  where  electricity  was  previously  presumed  to 
be  the  only  economical  and  practical  source  of  power. 

We  have  not  written  you  very  concisely  or  very  clearly, 
possibly,  but  if  any  part  of  our  communication  will  serve  your 
purpose  in  presenting  this  company  and  its  products  before  your 
interested  hearers  we  will  be  well  pleased. 

Yours  very  truly, 

E.  P.  Lord. 

• 

Mr.  Henry  W.  Fisher, 

Care  of  Standard  Underground  Cable  Co. , 

Pittsburg,  Pa. 

Pittsburg,  Pa.,  Jan.  21st,  1902. 
Dear  Sir: — 

Your  suggestion  that  I  write  you  briefly  with  reference 
to  some  of  the  most  important  or  most  interesting  developments 
of  the  past  year  in  the  line  of  insulated  cables  for  electric  use, 
is  noted,  and  I  am  very  glad  to  call  your  attention  to  the  fol- 
lowing: 

Perhaps  the  most  important  installation  of  the  past  year  is 
the  equipment,  electrically,  of  the  lines  of  the  Manhattan  Street 
£ailway  Co. ,  of  New  York  City.  In  this  case  the  current  is 
transmitted  at  about  11,000  volts  through  three  conductor 
cables  to  suitable  stations,  where  it  is  stepped  down  a^d  trans- 
formed into  direct  current  before  being  tapped  into  the  third 
rail.  On  the  initial,  and  we  might  say  preliminary,  installation, 
about  350,000  feet  of  cable  has  been  used,  each  conductor  No. 
3-0  B.  &  S.  G.,  insulated  by  7-32"  paper,  and  then  the  three 
conductors  spiraled  together  around  a  common  center,  with  a 
like  thickness  of  paper  insulation  placed  over  the  three;  this  is 
then  covered  with  9-64'  lead  sheath.     These  cables  are  tested 
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at  factory  at  30,000  volts,  and  after  installation  at  22,000 
volts.  This  installation  is  particularly  notable,  in  that  the 
specifications  for  manufacture  of  the  cable  take  into  considera- 
tion the  fact  (which  has  been  so  long  and  persistently  ignored 
by  many  engineers)  that  high  insulation  resistance  in  megohms 
is  no  criterion  of  a  trustworthy  and  safe  working  cable.  The 
relatively  low  insulation  resistance  of  200  megohms  per  mile 
to  which  this  cable  is  manufactured,  permits  the  use  of  softer 
waxes  in  the  insulating  compound,  with  a  corresponding  gain 
in  puncture  or  high  voltage  tests. 

It  may  be  a  matter  of  interest  to  also  note  the  fact  that 
during  the  past  year  this  company  has,  in  the  face  of  very 
severe  German  and  English  competition,  taken  an  order  in  the 
City  of  Mexico,  for  about  200,000  ft.  of  cable  of  a  type  which 
is  but  little  used  in  the  United  States,  although  very  extensive- 
ly used  throughout  England  and  the  continent.  This  cable,  in 
addition  to  being  insulated  and  lead  covered  in  the  usual  manner, 
is  provided  with  a  heavy  bedding  over  the  lead,  and  then  pro- 
tected by  means  of  two  spirally  wound  steel  tapes,  which  are 
in  turn  protected  by  a  double  saturated  bedding  over  all. 
Cables  of  this  class  are  intended  to  be  laid  directly  in  the  earth 
without  use  of  conduits  or  manholes,  and  while  we  do  not, 
except  under  the  most  unusual  circumstances,  recommend  this 
style  of  cable  installation,  it  is  a  point  worth  noting  that  Amer- 
ican manufacturers  can  compete  with  English  and  continental 
cable  makers  in  the  field  of  their  own  special  products,  and 
without  any  advantage  in  the  score  of  freight,  or  otherwise. 

There  has  been  a  continuation  of  the  remarkable  demand 
for  equipment  of  telephone  exchanges  and  systems  by  compan- 
ies operating  in  many  cases  in  opposition  to  the  Bell  Tel.  Co. 
and  its  licensees.  Such  installations  have  now  extended  to  the 
larger  cities,  of  which  we  have  furnished  and  in  many  cases 
installed  the  complete  equipments  in  the  following,  namely: — 
St.  Louis,  Detroit,  Indianapolis,  Columbus,  Cleveland,  Pitts- 
burg, Baltimore,  Rochester,  Wheeling,  etc.     It  is  not  an  ex- 
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ceptional  matter  for  such  exchanges  to  require  600,000  ft.  of 
telephone  cable  for  an  initial  installation,  and  many  of  them 
have  considerably  exceeded  1.000,000  feet. 

We  do  not  mention  the  points  cited  above  as  exceptional 
orders  for  us  in  point  of  size  or  importance,  but  rather  as  in- 
dicative of  the  most  important  or  noteworthy  examples  of  the 
business  of  the  past  year. 

Yours  truly. 

Standard  Underground  Cable  Co. 
Per.     J.  MuARST, 

Vice-Pres.  &  Gen'l.  Mgr. 


I  have  taken  up  so  much  of  your  time  in  presenting 
these  various  letters  that  what  I  have  to  say  in  conclusion  will 
be  brief.  We  are  certainly  indebted  to  the  contributors  for 
much  instructive  information,  and  we  can  with  assurance  loo^i 
forward  to  the  early  part  of  this  century  for  substantial  devel- 
opments in  lines  suggested  by  the  manufacturers.  The  field 
of  engineering  is  so  broad  that  of  necessity  only  a  small  por- 
tion can  be  covered  in  one  address. 

A  number  of  other  letters  were  sent  out  to  which  there 
were  no  responses.  The  railroad  companies  were  all  too  busy 
to  make  any  statements.  The  Pittsburg  Plate  Glass  Co.  had 
nothing  new  to  report  in  the  manufacture  of  plate  glass. 

Mr.  F.  J.  Coe,  of  the  American  Locomotive  Company,  re- 
ferred to  a  most  interesting  paper  which  he  read  before  the 
New  York  Railroad  Club,  supplement  to  Vol.  11,  No.  9. 
To  those  particularly  interested  in  locomotives  this  is  worthy 
of  careful  study,  as  the  facts  reported  are  extremely  interesting. 
The  heaviest  locomotive  weighed  over  200,000  lbs.,  and  the 
greatest  power  generated  in  a  passenger  locomotive  was  over 

1500  HP. 

Of  radically  new  industries  the   manufacture  of  Nersst 

lamps  in  this  city  is  no  doubt  the  most  prominent.     These 
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lamps  require  only  about  one-half  the  energy  of  ordinary  in- 
<^andecent  lamps  but  give  the  same  amount  of  light. 

This  address  is  already  much  longer  than  was  contemplated 
by  the  writer,  and  hence  in  conclusion  I  wish  to  thank  the 
Society  for  the  honor  conferred  upon  me,  and  to  apologize  for 
any  shortcomings  during  my  term  of  office. 


«sftl-^ 


MR.  EDWARD  B.  TAYLOR, 
FIFTH  PRESIDENT  OF  THE  SOCIETY.  1SS«, 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OMNIONS  OF  ITS  MEMBERS. 


SVEN  S.  EKMAX, 


The  two  hundred  and  twenty-second  regular  monthly 
meeting  of  the  Engineers'  Society  of  Western  Pennsylvania 
was  held  in  the  Lecture  room  of  the  Society's  house,  410 
Pennave.,  Pittsburg,  Pa.,  Tuesday,  February  18,  1902,  at 
8:30  o'clock,  with  the  President,  Mr.  Charles  F.  Scott,  in  the 
chair,  and  thirty-eight  (38)  members  and  visitors  present. 

The  minutes  of  the  preceding  meeting  were  read,  correct- 
ed and  approved. 

The  Board  of  Directors  reported  the  names  of  six  appli- 
cants for  membership  that  have  been  approved,  and  were  to 
be  voted  on  at  thtf  next  regular  election. 

The  following  persons  were  then  balloted  for  and  duly 
elected  to  membership. 

Mechanical  Draughtsman, 
Westinghouse   Machine   Co.,   East 
Pitteburg,    Pa.,  h.,  P.  0.  Box  50, 
Wilkinsburg,  Pa. 

Draughtsman', 
With  National  Tube  Co.,  709  Em- 
pire Bldg.,    Pittsburg,  Pa.,    h.,  P. 
O.  Box  140,  Wilmerding,  Pa. 

Chief  Mechanical  Engineer, 
Tate,  Jones  &  Co.,  Pittsburg,  Pa., 
h.,  6800  iSimen  avenue,  Pittsburg, 
Pa. 

Master  Mechanic, 
Lincoln  Foundry  Co.,Pittsburg,Pa., 
h.,  Lang  avenue,  E.  E.  Pitteburg, 
Pa. 
-     Manager, 

Jop.  Dixon  Crucible  Co.,  Pittsburg, 
Pa.,  201  Lewis  Block,  Pitteburg,  Pa. 

Electrical  Engineer, 
PittHbui^   Kail  way  Co.,  Pittsburg, 
Pa.,  h..  No.  5  Cedar  street,  Belle- 
vue  Pa. 


WILLLA.M  P.  ENGLEMAN, 


FRED.  R.  HERTZOG, 


ERIC  L.  HOOFRING. 


DAVID  M.  HOAVE. 


BERTROM  M.  KER8HNER, 
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JOHN  L.  KLINDWORTH,       -         Mechanical  Engmeer, 

Jonee  &  Langhlin,  Ltd.,  Pittebui^, 
Pft.,  h.,  1610  Chartiera  street,  Alle- 
gheny, Pft. 

MORRIS  KNO\^XES,         -        -        Resident  Engineer, 

nitration  Dpt., Public  Works,  Pitts- 
burg, Pa.,  h.,  5656  Callowhiil  street, 
E.  E.,  Pittsburg,  Pa. 

WILLIAM  FRANKLIN  MILLER,    Assistant  Engineer, 

County  Roads,  Allegheny  County, 
Pa.,  Room  28  Court  House,  Pitte- 
buig,  Pa. 

Chemist, 
U.  E.  &  F.  Co.,  Lincoln  Foundry 
Co.   Dp't.,  60th  <&  Butler  streets, 
Pittsburg,  Pa. 

Civil  Engineer, 
The  Firth  Sterling  Co.,  Demmler, 
Pa.,  405  Ross  avenue,  Wilkinsburg, 
Pa. 


HUGH  ELY  MYERS, 


BERT  IRWIN  WELLER, 


The  President — Mr.  Swensson,  do  you  wish  to  bring  up 
the  question  of  the  constitution  this  evening  for  discussion  ? 

Mb.  Swensson — Not  this  evening. 

Thk  President — When  the  present  oflScers  were  elected 
a  short  time  ago,  I  wished  to  know  what  duties  the  constitu- 
tion prescribed  for  me,  as  well  as  what  was  called  for  on  the 
part  of  the  other  officers  and  members.  I  spent  an  evening 
with  the  Secretary  looking  over  the  old  papers  and  documents 
of  the  Society.  We  found  only  the  charter.  A  constitution 
was  prepared  and  printed  a  few  years  ago,  but  seems  never  to 
have  >)een  formally  acted  upon.  The  Board  of  Direction  dis- 
cuHsed  this  matter,  and  will  consider  the  proposed  constitu- 
tion, and  report  to  the  Society.  I  would  suggest  that  the 
meml>erH  each  secure  a  copy,  as  the  matter  will  come  up  for 
further  discussion  later  on. 

TiiK  President — Dr.  W.  B.  Phillips,  who  prepared  the 
j)aper  for  this  evening,  is  unfortunately  unable  to  be  present, 
and  Mr.  Camp  will  read  it. 
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DR.  WM.  B.  PHILLIPS. 
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iJ  .>  >Ai»  i.         DR.  WM.  B.  PHILLIPS. 

It  is  not*  th^  purpose  of  this  paper  to  deaU  in  extenso^ 
Miih.  the  vfliHbtis 'deposits  of  iron  ore  in  Texas,  for  it  is  to  be 
presumed  that  an  audience  of  this  kind  is  already  sufficiently 
acquainted  with  the  subject  to  render  particular  descriptions 
entirely  unnecessary.  The  matter  has  been  threshed  over  so 
many  times  in  the  publications  of  the  geological  survey  of 
Texas,  in  the  technical  journals,  and  in  the  Transactions  of  the 
American  Institute  of  Mining  Engineers,  that  one  may  be  par- 
doned for  not  mentioning  every  deposit  and  quoting  analyses 
innumerable. 

It  has  been  known  for  many  years  that  in  the  eastern,  or 
rather  in  the  northeastern,  pairt  of  the  State,  there  are  extensive 
deposits  of  good  limonite  (brown  ore;,  and  that  in  the  central 
part,in  the  county  of  Llano,  etci, there  are  deposits  of  hematite 
and  magnetite  of  excellent  quality  but  unknown  extent.  It  is 
also  known  that;  up  to  this  time,  no  workable  deposits  of  cok- 
ing-coal have  been  found  in  the  State.  So  far  as  concerns  the 
fuel  question  and  local  production  of  pig  iron,  Texas  must  use 
charcoal,  or  bring  in  coke  from  the  Indian  Territory,  Colora- 
do, New  Mexico,  or  Alabama.  With  our  present  lights  we 
can  put  to  one  side  the  use  of  lignite  as  fuel  in  the  blast  fur- 
nace. Whatever  success  might  accompany  its  use  in  a  small 
furnace  and  on  a  very  limited  scale  (and  this  is  problematical), 
no  metallurgist  or  blast-furnace  manager  could  advise  the  use 
of  it  on  a  commercial  scale.  There  may  be  one  or  two  little 
tea-pots  using  lignite  and  making  a  few  tons  off-grade  iron  in 
some  out-of-the-way  places,  but  in  this  country  the  use  of  lig- 
nite as  a  blast-furnace  fuel  is  not  even  a  Will-o'-the-Wisp, — it 
is  merely  a  belated  lightning  bugj  trying  to  get  home  before 
sunrise. 

It  is  a  fact  that  in  northeast  Texas  and  in  the  counties  of 
Rusk,  Marion,  Cherokee,  Cass,  etc.,  there  are  deposits  of  good 
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limonite  of  sufficieDt  extent  to  warrant  operations  on  a  large 
scale.  These  ores  are  of  the  usual  brown  ore  type,  and  carry 
from  46  to  60  per  cent  of  iron  and  from  0. 30  to  0. 60  per  cent 
of  phosphorus.  It  is  also  a  fact  that  they  can  be  mined  cheap- 
ly a  nd  that  washing  would,  for  the  most  part,  not  have  to  be 
resorted  to.  It  is  also  a  fact  that  these  ores  have  been  and  are 
now  used  for  the  production  of  charcoal  iron,  and  the  total 
output  of  such  iron  from  1872  to  the  end  of  1900  was  120,438 
tons.  Pardon  me,  but  it  is  also  the  fact  that  this  iron  has  an 
excellent  reputation  and  buyers  of  charcoal  iron  are  anxious  to 
get  it.  And  yet  the  industry  languishes.  Why  it  languishes 
is  too^long  a  story  now.  As  this  is  not  a  discourse  on  the  dis- 
eases of  the  iron  business,  we  will  forbear. 

In  an  instructive  paper  read  before  the  American  Institute 
of  Mining  Engineers,  Virginia  Beach  meeting,  1894,  Mr. 
Wm.  Kennedy,  an  engineer  resident  in  Texas  and  familiar 
with  the  east  Texas  iron  ore  belt,  took  occasion  to  say  that  the 
probable  cost  of  the  production  of  charcoal  iron  in  east  Texas 
was  $12.01,  which,  in  a  postscript  subsequently  added,  he  re- 
duced to  $9,50.  The  testimony  that  was  given  before  a  Com- 
mittee of  Inquiry,  27th  Legislature  of  Texas,  1901,  was  to 
some  extent  confirmatory  of  this  lower  cost.  Mr.  Kennedy's 
items  of  cost  were  as  follows: 

Cost  of  making  a  ton  of  charcoal  iron  in  east  Texas: 

2^  tons  of  ore,  .  .  @  .  .  82c  $2.05. 
110  bu.  of  charcoal,  ''  .  .  .4c  4.40. 
J  ton  of  limestone,     .     "  $1.50         0.75. 

Labor  and  salaries, 1.50. 

Interest, 0.30. 

Repairs  and  incidentals, 0.50. 

$9.50. 

I  think  that  this  would  probably  represent  the  lowest  cost, 
and  that  the  average  cost  would  be  nearer  $11.00  than  $9.50, 
under  present  conditions.     It  is  only  in  east  Texas  that   pig 
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iian  has  been  sMMie,  and  the  only  one  ikat  iMtve  oomeinto  nee 
are  the  limooiteB  of  that  region. 

The  hematites  and  magnetites  of  Llano  Coonty,  in  cen- 
tral Texas,  100  miles  northwest  of  Austin,  represent  the  best 
types  of  these  ores.  Some  recent  analyses  of  samples  taken  in 
person  are  as  follows: 

ANALYSES  OF  LLANO  CX3UNTY  MAGNETITE. 
O.  H.  PALM  AND  S.  H.  WORRELL. 

Metallic  Iron,  66.33  per  cent.  64. 40  per  cent.  64. 40  per  cent. 

Silica,  2.38    "  "  6.52    "  "      6.54    "     ** 

Alumina,  2.69    <^  ^^  trace                  trace 

Lime,  none  none                  none 

Magnesia,  none  none                   none 

Sulphur,  0.44    "  '*  trace                  trace 

Phosphorus,  0.032  *'  "  0.048   *'  «'     0.045  "     " 

These  ores  were  fully  discussed  by  Theodore  B.  Comstock 
in  the  First  and  Second  Annual  Reports  of  the  Greological  Sur- 
vey of  Texas,  1889  and  1890,  and  there  is  but  little  to  add  to 
what  was  said  then.  Few  or  no  other  developments  have 
been  made,  and  the  matter  stands  now  just  where  it  did  then, 
in  so  far  as  concerns  our  knowledge  of  the  extent  of  the  depos- 
its. The  average  of  5  analyses  of  Llano  County  magnetites 
given  by  Dr  Comstock  is  as  follows: 

AVERAGE  COMPOSITION  OF  LLANO  COUNTY  MAGNETITES. 
ANALYSES  BY  J.  H.  HERNDON  AND  L.  MAGNENAT. 

Metallic  Iron, 63.81  per  cent. 

Silica,         4.67  *<  <' 

Alumina, 5.74  '^  " 

Lime,         0.57  <*  << 

Magnesia, trace 

Sulphur,         0.092  <'  '' 

Phosphorus, 0.064  ''  «« 

With  respect  to  phosphorus  it  must  be  said  that  of  the  5 
analyses  quoted  3  showed  a  trace,!  showed  0.02,  and  the  other 
1.02  per  cent.     Excluding  this   last   as   abnormal,  we   would 
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have  a  very  small  amount  of  phosphorus  in  these  ores.  And 
yet  these  analyses  clearly  indicate  that,  while  ores  extremely 
low  in  phosphorus  are  to  be  found  in  this  region,  there  is  a 
possibility  of  their  carrying  more  than  the  Bessemer  limit  of 
this  element.  The  ores  would  be  subject  to  rigid  inspection 
and  analysis  if  sold  as  Bessemer  ores. 

The  average  of  6  analyses  of  Llano  County  hematites, 
given  by  Dr.  Comstock,  is  as  follows: 

AVERAGE  COMPOSITION  OF  LLANO  COUNTY  HEMATITES. 
ANALYSES  BY  J.  H.  HERNDON  AND  L.  MAGNE2^AT. 

Metallic  Iron,       ....       56.43  percent. 

SUica, 5.59  *«  *« 

Alumina, 7.86  *'  ** 

Lime,         1.44  «  *< 

Magnesia,         .     .  .  trace 

Phosphorus,         0.65  "  " 

Sulphur, 0.091  **  " 

It  is  to  be  noted  that  in  one  of  the  samples  there  was  3.12 
per  cent  of  phosphorus,  corresponding  to  7.16  per  cent  of 
phosphoric  acid.  This  is  a  most  unusual  amount  of  phosphor- 
us in  ore  of  this  character.  On  the  other  hand  two  of  the  sam- 
ples showed  a  trace  of  phosphorus.  The  alumina  is  high,  one 
of  the  samples  giving  17.11  per  cent,  anoth^  14.50  per  cent, 
the  average  running  to  7.86  per  cent. 

There  are  other  parts  of  the  Central  Mineral  Region  that 
yield  good  magnetites  and  hematites,  as  the  counties  of  Gilles- 
pie, Mason,  McCoUough,  etc. 

In  Llano  County  considerable  prospecting  was  carried  on 
10  or  12  years  ago,  at  Bessemer,  9  miles  east  of  the  Town  of 
Llano,  and  at  Iron  Mountain,  15  miles  northwest  of  Llano,  on 
the  magnetites  of  these  localities.  South  of  Iron  Mountain  a 
diamond  drill  hole  was  carried  down  to  a  depth  of  600  feet, 
with  the  following  reported  section  to  517  feet: 


68  engineers'  80GIETT  OF  WESTERN  PENNSYLVANIA. 

SECTION  OF  BORE-HOLE, 
SOUTH  OF  IRON  MOUNTAIN,  LLA.NO  COUNTY 

Granite, 301  feet: 

Magnetic  ore,        40  '^ 

Granite, 25  •' 

No  core  but 

thought  to  be  ore, 13  <' 

Granite,        27  '« 

Chloritic  rock  and  granite       ...  36  ** 

Magnetic  ore,        . 7  " 

Granite  and  schist,       .     •     .     .     .  13  " 

Granite,           56  " 

617  feet. 

An  analysis  of  the  ore  from  this  property  was  made  by 
Andrew  McCreath,  Harrisburg,  Pa,,  with  the  following  results: 

ANALYSIS  OF  ORE  FROM  BADER  MINE,  SOUTH  OF  IRON 

MOUNTAIN,  LLANO  COUNTY. 

Metallic  Iron, 64.15  per  cent. 

Silica,         7.28     ''       '^ 

Titanic  Acid.     .....        0.38     «'      *' 

Phosphorus,         0.014  ''       *' 

Attractive  as  are  some  of  the  iron  ores  of  this  region, 
from  a  chemical  standpoint,  it  cannot  be  said  that  they  have 
been  sufficiently  prospected  to  enable  one  to  speak  with  confi- 
dence of  their  extent.  In  places  they  >seem  to  be  of  commer. 
cial  importance,  and  at  one  time  it  was  hoped  that  they  would 
be  mined.  But  the  enterprise  fell  through,  and  the  machinery 
that  had  been  installed  was  removed.  For  several  years  noth- 
ing has  been  done. 

Of  late,  however,  there  has  been  a  revival  of  interest  in 
these  ores,  as  well  as  in  those  of  East  Texas.  It  was  stated 
that,  so  far  as  known,  there  were  no  deposits  of  coking  coal  in 
Texas.  This  statement  applies  to  such  coal  as  Is  now  mined 
and  to  the  ordinary  bee-hive  coke  oven.     But  it  is  well  known 
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that  some  coals  which  do  not  yield  good  coke  in  a  bee-hive 
oyen,  do  yield  a  fair  coke  in  a  recorery  oven,  such  as  the  Sol- 
vay,  the  Hoffman,  the  Carves,  the  Huessener,  etc.  We  are  no 
longer  restricted  to  the  use  of  the  bee-hive  oven,  for  the  im- 
provements in  the  so-called  recovery  ovens  now  allow  the  use 
of  an  inferior  coal  for  coking.  I  do  not  mean  to  say  that  the 
coke  is  as  good  as  it  would  have  been  if  better  coal  were  used, 
but  that  it  can  be  successfully  used  in  the  blast  furnace.  In 
other  words,  we  can  now  make  passably  good  coke  from  coal 
that  would  have  been  considered  entirely  unsuited  for  the  pur- 
pose  a  few  years  ago.  This  fact  has  an  important  bearing  on 
the  utilization  of  the  Llano  County  ores.  A  study  of  the  map 
of  Texas  will  show  that  the  shortest  route  from  the  town  of 
Llano  to  the  producing  coal  fields,  we  will  say  to  Strawn,  in 
Palo  Pinto  County,  is  347  miles.  If  coke  were  made  in  Palo 
Pinto,  Erath,  Eastland,  or  Stephens,  it  would  haVe  to  be  hauled 
350  miles  to  the  ore,  or  the  ore  hauled  350  miles  to  the  coke. 
But  there  will  be  built  this  year  a  connection  between  the 
Houston  &  Texas  Central  Ry.  at  Burnet  to  the  Gulf,  Colorado 
&  Santa  Fe  Ry.  at  Lampasas,  30  miles,  that  will  reduce  this 
distance  to  280  miles.,  a  gain  of  70  miles. 

Furthermore,  it  is  not  improbable  that  among  the  unde- 
veloped coals  of  Stephens  County,  north  of  the  Texas  &  Pa- 
cific^ Ry.  at  Bangor,  there  may  be  found  some  more  suitable  for 
coking  than  those  already  opened  in  that  part  of  the  carbonif- 
erous area.  To  open  the  Stephens  County  coal  would  require 
from  20  to  30  miles  of  road,  so  that  we  may  say  that  the  dis- 
tance from  the  Llano  ore  fields  to  the  coal  fields,  even  after 
the  completion  of  the  Burnet-Lampasas  branch,  will  be  about 
300  miles.  It  has  been  proposed  to  use  the  Llano  County 
ores  in  furnaces  already  built,  mixing  them  with  the  brown 
ores  spoken  of.  The  distance  from  Llano  to  the  nearest  blast- 
furnace, viz.,  at  Rusk,  is  293  miles  (the  New  Birmingham  fur- 
nace is  near  Rusk),  while  to  the  furnace  at  Jefferson,  Marion 
County,  it  is  370  miles.      It  is  about  the  same  distance  from 
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LIm^o  to  the  nearest  f umaoe  as  from  Llano  to  the  coal  fields, 
and  if  Uano  ere  should  be  hauled  to  Rusk,  New  Birmingham, 
or  Jefferson,  it  would  have  to  be  turned  into  charcoal  iron,  for 
the  furnaces  in  east  Texas  are  not  built  for  coke-iron. 

But  it  has  also  been  proposed  to  bring  Indian  Territory 
coke  into  the  east  Texas  ore  district.  This  would  necessitate 
an  all  rail  haul  of  270  miles  to  Jefferson,  and  also  to  Rusk  and 
New  Birmingham.  The  east  Texas  ore  fields  are  about  270 
miles  from  South  McAlester.  So  far  as  our  present  know- 
ledge goes,  we  can  say,  therefore,  that  the  shortest  haul  be- 
tween the  Texas  iron  ore  districts  and  coking  coal  is  270  miles. 
If  coking  coal  should  be  discovered  in  Uie  Texas  carboniferous 
the  haul  to  the  Llano  ore  district  would  be  300  miles,  and  to 
the  east  Texas  ore  district  about  the  same.  The  Indian  Ter- 
ritory  coke  would  have  an  advantage  of  thirty  miles  as  against 
Texas  coke  in  the  east  Texas  ore  fields,  but  Texas  coke- 
supposing,  for  the  moment,  that  we  had  Texas  coke — would 
have  an  advantage  of  180  miles  in  the  Llano  ore  district. 
Now,  a  thirty-mile  haul,  in  a  total  distance  of  nearly  300  miles, 
cuts  but  a  slight  figure,  so  we  may  say  that,  if  coking  coal 
can  be  developed  in  the  Texas  carboniferous,  it  would  compete 
on  equal  terms  with  Indian  Territory  coke  in  east  Texas,  and 
would  have  a  decided  advantage  in  the  Llano  district. 

It  has  also  been  proposed  to  export  the  Llano  ores,  by 
way  of  Galveston,  to  Baltimore,  or  Philadelphia,  or  even 
across  the  Atlantic.  From  Llano  to  Galveston  is  319  miles, 
but  little  more  than  from  Llano  to  the  coal  fields.  Whether 
Llano  ore  can  find  a  market  in  this  way  remains  to  be  seen. 
The  distance  from  Galveston  to  Baltimore  is  1,800  nautical 
miles  (making  the  total  distance  from  Llano  to  Baltimore  2,390 
statute  miles),  while  the  distance  from  Santiago  de  Cuba  or 
Daiquiri  (large  ore  exporting  ports  on  the  southeast  coast  of 
Cuba)  to  Baltimore  is  1,300  nautical  miles.  It  would  require 
an  ore  of  exceptional  purity  and  of  guaranteed  composition  to 
compete  successfully  with  Jurugua  or  Spanish-American  ore 
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in  markets  already  familiar  with  Cuban  ore.  The  duty  of 
forty  cents  per  ton  on  imported  ore  plays  no  great  part  in  this 
matter,  for  it  is  rebated  if  the  materials  manufactured  from  it 
are  in  turn  exported. 

Still  another  plan  has  been  suggested  of  late,  and  that  is 
to  ship  Llano  ore  to  Missouri  furnaces,  or  to  the  furnaces  at 
East  St.  Louis,  in  Illinois.  The  distance  from  Llano  to  St. ' 
Louis  is  918  miles,  and  it  is  to  be  supposed  that  the  chief 
reason  why  this  long  all-rail  haul  is  considered  at  all  is  because 
of  the  uncertainties  and  delays  attending  the  shipping  of  Lake 
ores  to  these  furnaces  during  the  winter  months.  From  St. 
Louis  to  Duluth  is  884  miles,  by  way  of  Burlington,  Cedar 
Rapids  and  St.  Paul.  From  Duluth  to  Mountain  Iron,  the 
heart  of  the  Mesabe  Range,  is  72  miles,  making  the  distance 
from  St.  Louis  to  Mountain  Iron  958  miles,  as  against  918 
miles  from  St.  Louis  to  Llano.  To  some  of  the  Old  Range  or 
Wisconsin  mines  from  St.  Louis  it  is  not  so  far  as  to  Duluth  ; 
probably  ore  could  be  laid  down  at  St.  Louis  with  a  750-mile 
haul.  But,  at  any  rate,  the  distance  from  St.  Louis  to  avail- 
able ore  in  the  North  is  less  than  from  St.  Louis  to  the  Llano 
ores,  while  the  freight  rates  are  also  less.  Of  course,  some 
lake  ore  is  hauled  by  rail  to  points  from  800  to  1,000  miles 
distant,  but  the  conditions  seem  to  be  such  as  would  not  readily 
maintain  were  the  attempt  made  to  ship  Llano  ore  as  far  as 
this  by  rail.  The  enormous  output  of  the  lake  mines,  the 
regularity  of  the  car  supply  and  other  industrial  factors,  out- 
weigh the  shortage  due  to  occasional  blizzards  and  seasons  of 
very  cold  weather. 

What  demand  is  there  in  Texas  for  pig  iron,  or  bar  iron, 
or  rolled  shapes  of  iron  or  steel  ?  This  question  cannot  be 
answered  definitely,  because  there  is  no  practical  way  of  col- 
lecting the  actual  statistics.  We  know,  of  course,  that  Texas 
is  an  agricultural  and  grazing  State,  for  the  most  part,  and 
that  industries  other  than  agriculture  which  require  large 
quantities  of   iron    and   steel    have   not  yet  been  developed. 
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The  farming  industry  in  Texas  is  certainly  very  large,  and 
steadily  growing  larger.  It  requires  a  great  deal  of  iron  and 
steel,  taking  one  year  with  another,  and  these  supplies  are 
furnished  almost  entirely  from  beyond  State  limits.  The 
population  of  the  State  is  increasing  rapidly,  having  gained 
36  per  cent,  between  1890  and  1900,  leading  all  the  Southern 
States.  It  is  now  3,048,71-0.  The  railroad  mileage,  June 
30th,  1901,  was  10,153  miles.  There  are  now  about  sixty 
foundries  in  the  State,  and  possibly  half  a  dozen  good 
machine  shops,  excluding  those  owned  and  operated  by  the 
railroads.  I  made  the  attempt  to  gather  certain  data  from 
the  foundries,  and  to  this  end  sent  out  a  letter  to  each  one 
asking  replies  to  the  following  questions : 

1.  Where  do  you  get  your  pig  iron? 

2.  What  kind  of  pig  iron  do  you  use  ? 

3.  What  class  of  castings  do  you  produce  ? 

4.  What  is  your  daily  capacity  in  tons? 

Replies  were  received  from  forty  establishments,  repre- 
senting more  than  95  per  cent,  of  the  foundry  business  in 
Texas.  The  replies  to  the  first  question  show  that  the  pig 
iron  used  comes  from  Texas,  Alabama,  Tennessee,  Georgia 
and  Ohi(».  There  were  seven  that  used  Texas  iron  exclusively 
and  three  that  used  Texas  iron  in  conjunction  with  Alabama 
iron.  One  firm  writes  :  '  ^  We  get  our  pig  from  Alabama,  but 
would  prefer  Texas  iron  if  we  could  get  it."  Another,  and  a 
large  and  important  establishment,  writes:  ^'We  beg  to  say 
that  for  several  years  past,  not  being  able  to  get  a  supply  of 
Texas  pig  iron,  which  we  much  prefer  to  any  other  brand  for 
use  in  our  business,  we  have  been  forced  to  use  pig  iron  made 
in  Alabama  and  Georgia."  A  large  consumer  of  pig  iron  in 
the  Central  West  said  to  the  writer  recently  that  he  had 
endeavored  to  secure  a  three-jear  contract  for  Texas  iron,  but 
had  been  unsuccessful  because  of  the  alleged  inability  to 
supply  the  amount  desired.  Of  the  establishments  replying, 
eighteen   used   Alabama   pig  exclusively,  while   eleven   used 
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Alabama  pig  in  coonection  with  pig  from  other  States.  It 
appears  that  Alabama  iron  is  used  more  extensively  in  Texas 
than  any  other  kind.  The  kinds  of  pig  iron  brought  here  are, 
of  course,  Nos.  1  and  2  Soft,  and  the  regular  foundry  grades, 
even  as  low  as  No.  4  F,  which  is  sometimes  known  as  foundry 
forge. 

The  class  of  material  turned  out  includes  machinery,  and 
architectural  work,  engine  and  mill  castings,  farming  imple- 
ments, light  steel  castings  used  in  plows  (one  establishment), 
railroad,  bridge,  hydraulic  oil  press,  in  fact  nearly  all  kinds  of 
castings.     There  is  no  malleable  iron  plant  in  the  State. 

The  daily  capacity  was  271  tons,  distributed  among  36  es- 
tablishments. Most  of  the  establishments,  however,  are  small, 
8  of  them  accounting  for  190  tons,  leaving  81  tons  for  28 
plants.  Three  of  the  establishments  report  a  total  daily  capac- 
ity of  135  tons,  these  three  having  25,  50,  and  60  tons  respect- 
ively. Not  all  of  the  total  daily  capacity  of  271  tons  is  to  be 
considered  as  pig  iron,  for  a  considerable  amount  of  scrap  is 
used,  the  exact  proportion  not  being  known,  depending,  as  it 
does,  upon  the  kinds  of  castings  required,  etc.  Perhaps  one 
wouict  be  safe  in  assuming  that  one-half  of  the  total  daily  ca- 
pacity  represents  the  pig  iron  used,  in  which  case  we  would 
have  135  tons.  I  think  it  would  be  safe  to  assume  100  tons  a 
day  as  the  average  consumption  of  pig  iron,  as  swjhj  in  Texas, 
or  30,000  tons  a  year. 

Of  the  consumption  of  pig  iron  in  manufactured  form 
there  are  no  statistics,  but  we  may  arrive  at  a  practical  concep- 
tion through  the  weight  of  the  cotton  ties  used  in  bagging  the 
crop  of  1900.  This  was  about  13,500  tons,  worth $1,600,000. 
The  average  cost  of  the  ties  is  50c  per  bale,  and  the  crop  of 
1900  was  in  excess  of  3,000,000  bales  of  500  pounds  each. 
Not  allowing  for  any  wastage  between  pig  iron  and  cotton  tie — 
although  there  is,  of  course,  a  considerable  waste,  utilized, 
however,  in  other  ways — we  have  43,500  tons  of  pig  iron  con- 
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sumed  annually  by  the  Texas  foundries  and  by  the  makers  of 
cotton  ^ies  used  in  bagging  the  Texas  cotton  crop. 

To  this  must  be  added  the  wire  fencing,  wire  nails, 
jobbers  hardware,  architectural,  agricultural  and  railroad  iron, 
etc. ,  which  would,  I  think,  bring  the  total  up  to  at  least 
60,000,  tons  a  year,  exclusiye  of  steel  rails,  merchantable 
steel,  and  malleable  castings.  In  other  words  the  amount  of 
iron  made  in  Texas  from  1872  to  1900,  a  period  of  29  years, 
would  just  about  supply  the  demand  of  two  years,  excluding 
rails,  steel  and  malleable  castings. 

Now  the  question  is,  can  a  considerable  proportion  of  the 
pig  iron  used  in  Texas  be  made  in  Texas  and  from  Texae  ma- 
terials i  This  is  purely  a  business  matter,  and  has  nothing  to 
do  with  sentiment.  It  is  strictly  a  matter  of  dollars  and  cents, 
and  must  be  regarded  solely  from  this  standpoint. 

There  is  plenty  of  ore  in  the  State  and  of  a  quality  that  is 
very  largely  used  elsewhere;  can  it  be  utilized  ?  Considering 
the  fact  that,  so  far  as  now  known^  there  is  no  coking  coal  in 
the  State,  the  manufacturs  of  pig  iron  must  depend  upon  the 
use  of  charcoal  as  fuel,  or  upon  coke  brought  in  from  the 
Indian  Territory,  the  nearest  source  of  supply,  over  a  distance 
of  270  miles  from  the  east  Texas  district,  and  480  miles  from 
the  Llano  district.  The  only  native  fuel  is  charcoal.  Coking 
coal  may  be  discovered  and  brought  into  use,  but  at  the  pres- 
ent time  th6  only  known  fuel  is  charcoal,  for  lignite  is  not  in 
the  running. 

There  is  an  opportunity  in  east  Texas  for  the  production 
of  charcoal  iron,  and  a  50  or  60  ton  furnace  would  probably 
do  well  there.  The  product  would  find  a  ready  sale  in  Texas, 
for  there  are  four  foundries  already  in  operation  that  would 
consume  the  entire  product.  As  already  remarked,  the  iron 
that  has  been  made  there  has  a  good  reputation  and  is  in  de- 
mand, specially  by  the  makers  of  car-wheels  and  plow  cast- 
ings. An  output  of  60  tons  per  day  could  readily  be  mar- 
keted at  satisfactory  prices.     It  is  true  that  the  charcoal  and 
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limestone  would  have  to  be  hauled  considerable  distances,  but 
even  under  these  conditions  it  is  not  improbable  that  iron  could 
be  made  for  $10.00.  I  am  aware  that  the  charcoal  iron  indus- 
try has  been  in  a  decadent  condition  for  several  years,  and  that 
the  present  output  of  about  300,000  tons  is  nearly  300,000 
tons  less  than  for  1890.  But  here  is  a  territory  that  is  to  a 
large  extent  cut  off  from  the  great  centers  of  iron  production 
and  yet  uses  100  tons  of  pig  iron  a  day  for  foundry  purposes. 
The  decadence  of  the  charcoal  iron  industry  merely  goes  to 
show  that  coke  iron  has  taken  its  place  in  certain  districts  and 
for  certain  purposes;  it  does  not  prove  that  it  could  not  be  es. 
tablished  in  Texas.    The  Texas  iron  trade  is  essentially  a  foun- 

■ 

dry  trade  and  the  largest  establishments  would  be  glad  to  get 
charcoal  iron,  and  this  is  substantiated  by  numerous  letters  now 
in  my  possession. 

Furthermore,  a  steel  cotton- tie  and  wire  plant,  making 
also  small  steel  castings,  would  have  a  very  large  area  within 
which  to  market  its  products.  Of  cotton-ties  alone  the  three 
StaCes  of  Arkansas,  Louisiana  and  Texas  in  1900  used  $2,211,- 
000  worth.  It  is  impossible  to  speak  positively  of  the  wire 
trade,  for  there  are  no  statistics  available,  but  it  is  not  unlike- 
ly that  it  is  worth,  in  these  three  States,  $500,000,  making  a 
total  for  cotton-ties  and  wire  of  $2,711,000. 

A  charcoal  furnace  for  foundrv  iron  and  a  coke  furnace 
for  iron  destined  for  the  steel  plant,  pipe,  etc. ,  would  probably 
be  an  advisable  combination.  Beaumont  oil  or  Corsicana  resi- 
duum could  be  used  for  fuel  in  the  steel  furnace,  as  also  in  the 
foundry,  and  could  be  delivered  within  the  iron  ore  district  of 
east  Texas  for  40c  per  barrel.  The  distance  from  Beaumont 
to  Kusk  is  158  miles,  and  from  Corsicana  to  Rusk  120  miles, 
from  Beaumont  to  Jefferson  262  miles,  and  from  Corsicana  to 
Jefferson  158  miles.  Recent  contracts  for  the  delivery  of  the 
Beaumont  oil  within  distances  varying  from  250  to  300  miles 
have  been  made  at  44^0  per  barrel.  The  Nacogdoches  oil  field 
(not,  however,  producing  now)  is  within  80  miles  of  Rusk,  and 
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US  miles  of  Jeffersoa,  so  that  the  estimate  of  40c  a  barrel  for 
Beaumont  oil  Id  the  ore  di&trict  is  oertainly  not  too  bi<rh,  and 
it  is  likely  that  it  could  l>e  delivered  for  a  prioe  coiifiidera>>1y 
below  this.  At  40c  a  barrel  and  4  barrels  per  ton  of  coal  we 
would  have  $1.60  as  the  price  of  oil  equivalent  to  a  ton  of 
coal.  It  is  to  he  observed,  of  course^  that  the  oil  is  for  use 
only  in  the  puddling  furnaces,  in  the  steel  furnaces,  or  in 
foundries  (for  core  ovens,  etc-).  It  cannot  be  used  alone,  or 
in  admixture  with  lignite,  as  a  blast  furnace  fuel.  I  would 
not  tax  your  patience  with  this  statement  were  it  not  for  the 
fact  that  I  have  received  letters  of  inquiry  on  this  very  point. 
There  seems  to  l>e  a  lielief  in  certain  quarters  that  crude  oD  can 
l>e  used  in  the  blast-furnace  in  place  of  coke  or  charcoal,  >>ut 
this  }>elief  is  not  shared  by  tb(»se  who  are  familiar  with  the  re- 
quirements for  blast  furnace  fuel.  As  you  know,  it  takes  a 
good  deal  more  than  mere  beating  power  to  sufq3ly  the  de- 
mands of  a  ]>la5t  f uj'nace.  Crude  oil  is  valuable  for  many  pur- 
poses, but  the  time  has  not  yet  come  when  it  can  supplant  solid 
fuel  for  iron  making.  Coke,  anthracite  coal,  splint  coal  and 
charcoal  will  continue  to  l>e  used  long  after  we  have  passed 
awav. 

From  an  examination  of  all  known  facts  and  reasonable 
deductions  therefrom,  I  think  it  probable  that  iron  making 
could  }>e  established  in  Texas  on  a  commercial  scale  and  with 
fair  j)rosp8c^t  of  success.  There  is  nothing  like  enough  iron 
produced  in  the  State  to  sui)j)]y  the  present  demand,  the  State 
iri  growing  rapidly  and  many  industries  are  springing  up,  con- 
sequent, among  other  causes,  upon  the  discovery  of  large 
stores  of  cheap  fuel  oil. 

Within  175  miles  of  Kusk  and  in  Texas  alone  there  is  a 
daily  capacity  of  the  foundries  in  excess  of  22b  tons,  pig  iron 
and  scraj),  of  which  about  one-half  is  pig  iron.  Within  a 
distance  but  little  further  from  Jefferson  the  same  statement 
holdfe  (Tooi,  The  ore  field^  of  east  Texas  are  within  two  hun- 
dred  miles  of  the  most  densely  j copulated  region  in  the  State, 
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snd  one  that  is  increasing  in  wealth  and  in  iron-cDnsuming 
power  every  year.  It  is  true  that  the  east  Texas  iron  ores  are 
not  of  a  high  grade,  but  they  are  of  as  good  a  quality  as  brown 
ores  generally,  and  in  the  country  at  large  there  were  mined  in 
1900  8,231,089  tons  of  ore  of  no  better  quality.  The  lowest 
average  value  per  ton  of  ore  in  1900  was  reported  from  this 
State,  82c  a  ton.  This  may  have  been  due  to  the  fact  that  con- 
vict labor  is  employed,  but  experience  elsewhere  has  shown 
that  convict-mined  ore  and  coal  are  but  little,  if  any,  cheaper 
than  the  coal  iind  ore  mined  with  free  labor.  The  main 
benefit  derived  from  the  use  of  convict  labor  is,  perhaps,  due  to 
the  uninterrupted  control  of  it,  not  to  any  marked  decrease  in 
the  cost  of  production  aside  from  this  fact. 

There  are  four  furnaces  in  Texas  now,  all  of  them  built 
for  charcoal,  and  ail  of  them  in  the  east  Texas  district.  These 
are  as  follows: 

Jefferson  Furnace,  Jefferson,  Marion  County.  One  stack 
60x12,  built  in  1889-91,  blown  in  March  16,  1891.  Two  Dur- 
ham iron  stoves.  Capacity,  13,500  tons.  A  rolling  mill  was 
partly  finished  in  1891,  and  was  designed  to  contain  15  single 
puddling  furnaces,  3  heating  furnaces,  and  3  trains  of  rolls 
(one  18  in.  muck  and  one  8  in.,  and  one  12  in.  bar). 

Old  Alcalde  Furnace,  Kusk,  Cherokee  County,  owned  by 
the  State  of  Texas.  One  stack  55x9.^.  Built  in  1883  and  put 
in  blast  February  27,  1884.  Hot  blast.  Capacity,  7000,  tons. 
A  pipe  foundry  is  connected  with  the  furnace. 

Star  and  Cresent  Furnace,  near  Kusk,  Cherokee  County. 
One  stack  65x11.  Built  in  1890-91  and  blown  in  November, 
1891.     Iron  Stoves.     Capacity,  18,000  tons. 

Tassie  Bell  Furnace,  New  Birmingham,  Cherokee  County.* 
One  stack  60x11,  built  in  1889-90,  and  blown  in  November^ 
1890.     Two  Weimer  pipe  stoves.     Capacity,  13,500  tons. 

During  the  last  10  years,  the^refore,  there  have  been  4 
charcoal  furnaces  capable  of  making  iron,  with  a  total  annual 
capacity  of  52,000  tons.     But  during   this  period,  i.  e.  from 
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1891  to  1900,  inclusive,  the  total  amount  of  iron  made  was 
only  71.412  tons.  With  a  total  capacity  during  these  10  years 
of  520,000  tons  the  actual  output  was  71,412  tons,  or  13.7 
per  cent  of  the  capacity.  We  have  the  statistics  of  the  pro- 
duction of  pig  iron  in  Texas  since  1872,  with  the  exception  of 
two  years,  1875  and  1878,  when  the  output  may  have  been 
500  tons  each.  The  total  amount  of  pig  iron  produced  during 
these  29  years,  1872-1900,  inclusive,  was  120,438  tons.  As 
already  remarked,  this  is  about  enough  to  supply  the  demand 
for  4  years,  while  the  furnaces  in  the  State  could  produce  it  iu 
28  months. 

We  have  not  considered  other  deposits  of  iron  ore  in  the 
State,  as,  for  instance,  in  El  Paso  County,  west  of  the  Pecos 
River.  But  little  is  known  of  them,  although  some  excellent 
samples  have  been  received.  Some  of  the  El  Paso  ores  closely 
resemble  the  Llano  magnetites.  They  lie  at  some  distance 
from  rail,  and  may  not  be  available.  They  occur  in  the 
Quitman  Mountains,  the  Sierra  Diabolo,  Sierra  Carrizo  and 
Chinatti.  In  the  Quitman  Mountains,  according  to  Von 
Streeuwitz,  carbonate  of  iron  is  also  found. 

In  Gonzales  and  Caldwell  counties,  near  Harwood,  on  the 
Southern  Pacific  Railway,  64  miles  east  of  San  Antonio,  there 
are  beds  of  limonite  of  good  quality. 

In  this  paper  the  attempt  has  been  made  to  consider  the 
iron  resources  of  the  State  in  a  general  way,  without  inquiring 
into  the  merits  of  any  particular  deposit  of  ore  or  of  any 
special  location.     The  conclusions  reached  are  as  follows  : 

1.  There  are  extensive  deposits  of  limonite  in  east  and 
northeast  Texas,  carrying  from  46  to  50  per  cent,  of  iron, 
but  not  suited  for  the  manufacture  of  Bessemer  iron.  These 
ores  can  be  cheaply  mined,  and  can  be  delivered  to  the  furnace 
for  80c.  to  $1.00  a  ton, 

2.  There  are  deposits  of  magnetic  and  hematite  ores  in 
Llano,  Mason,  Gillespie,  etc.,  of  unknown  extent,  but  of 
excellent  quality. 
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3.  The  only  available  fuel  is  charcoal,  unless  Indian 
Territory  coke  can  be  brought  in. 

4.  The  total  daily  capacity  of  the  foundries  in  the  State 
is  271  tons,  pig  iron  and  scrap,  of  which  at  least  100  tons  is 
pig  iron. 

.  5.  There  is  an  active  and  steady  demand  for  Texas  iron, 
4uid  there  would  be  little  difficulty  in  marketing  100  tons  a  day 
within  a  distance  of  150  to  200  miles. 

6.  The  demand  for  pig  iron,  as  such,  is  about  30,000 
ions  a  year.  Cotton  ties  caTI  for  13,500  tons  more,  while 
wire  fencing,  wire  nails,  etc.,  would  probably  call  for  16,500 
tons.  Exclusive  of  steel  rails,  merchantable  steel  and 
malleable  castings,  the  consumption  of  iron,  taken  as  pig 
iron,  is  probably  about  60,000  tons  a  year. 

7.  The  annual  average  production  of  pig  iron  in  the 
•Stale  during  the  ten  years,  1891-1900,  is  7,141  tons,  leaving 

23,000  tons  to  be  brought  in  from  other  States. 

8.  The  cost  of  producing  charcoal  iron  in  east  Texas 
should  not  exceed  $11.00,  and  may  be  reduced  to  $10.00.  On 
account  of  the  long  haul  for  coke,  it  is  not  likely  that  the  cost 
of  coke  iron  would  be  much  less  than  that  of  charcoal  iron. 

William  B.  Phillips. 

Austin,  Texas,  February,  1902. 

In  absence  of  President,  Vice-President  Prof.  F.  C,  Phil- 
lips in  chair. 

The  Chairman— 7The  paper  was  a  most  excellent  one, 
and  we  are  sorry  that  Mr.  Phillips  is  not  presiBnt  to  help  us 
out  with  the  Mexican  names,  as  well  as  to  give  us  additional 
information.  The  discovery  of  charcoal  iron  in  Texas  is  a 
very  important  one.  It  will  undoubtedly  lead  to  the  found- 
ing of  other  industries. 

Member — Isn't  $11  per  ton  a  pretty  cheap  production  of 
charcoal  iron  ? 

Mr.  Bole — Where  do  you  suppose  the  charcoal  comes 
from  ? 
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Mb.  Osbobn — I  will  say  that  I  am  well  acquainted  i» 
that  section  of  the  country,  and  in  southeastern  Texas,  there 
is  a  tract  of  timber  larger  than  the  whole  of  the  state  of  New 
York.  It  is  south  and  east  of  the  Llano  Estacado,  and  con- 
sists of  pine  and  hemlock  and  some  of  the  hard  woods.  Coal 
was  first  mined  in  the  Chickasaw  Nation,  Indian  Territory ,  108 
miles  from  northern  Texas. 

The  Chairman — What  is  the  quality  of  the  Indian 
Territory  coal  ? 

Mb.  Swewsson — Very  gofid  for  making  coke.  Two  hun- 
dred and  seventy  miles  is  not  very  far  to  carry  coke. 

Mk.  Bole — Coke  is  sent  to  Chicago  aad  west  of  there 
from  the  Connellsville  region. 

The  Chaibman — ^The  question  of  charcoal  supply  is  a 
curious  one.  Some  time  ago,  when  in  New  York,  I  made  in- 
quiries as  to  where  the  supply  of  charcoal  used  there  comes - 
from,  and  was  told  that  they  had  inexhaustible  supplies, 
enough  to  last  for  years  to  come.  There  are  still  great  for- 
ests in  sections  of  the  country,  where  we  least  expect  to  find 
them.    The  charcoal  jsupply  of  Michigan  is  exhausted,  is  it  not? 

Mb.  Sghellenbebo — It  is  the  largest  in  the  U.  S.  The 
principal  field  i^  the  mainland  east  of  Lake  Michigan.  Wood 
alcohol  and  acetic  acid  are  also  largely  manufactured  at  the^ 
kilns. 

On  motion  the  meeting  adjorned  at  9:45. 

Chables  W.  Ridingeb, 

Secretary^ 
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CHEMICAL  SECTION. 

Pittsburg,  Pa.,  January  23,  1902. 

The  tenth  annual  meeting  of  the  Section  was  held  in  the 
Society  rooms,  Chairman  A.  G.  McKenna,  presiding.  In  the 
absence  of  the  Secretary,  Mr.  G.  O.  Leoffler  was  appointed 
Secretary  jw't>  teftn,  . 

The  minutes  of  the  last  annual  meeting  were  read  and 
approved. 

The  Section  then  proceeded  to  ballot  for  officers  to  serve 
for  ensuing  year,  resulting  in  the  unanimous  election  of  the 
following: 

Chairman,         .  Dr.  K.  F.  Stahl, 

Vice-Chairman,  .         .         .       H.  W.  Craver, 

Secretary,         .  .         .           Chas.  H.  Kich, 

Directors,     .  .         A.  Gross,  Philo  Kemer. 

There  being  no  f urthur  business,  upon  motion,  the  Chair- 
man declared  the  meeting  adjourned. 

G.  O.  Leoffler, 

Secret a?^  pro  tern. 
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CHEMICAL  SECTION. 

Pittsburg,  Pa.,  February  20,  1902. 

The  regular  monthly  meeting  of  the  Section  was  held  in 
the  Society  rooms,  the  Chairman,  Dr.  K.  F.  Stahi,  presiding* 

The  minutes  of  the  last  regular  meeting  were  read  and 
approved. 

Mr.  Camp,  for  the  program  committee,  reported  progress. 

There  being  no  furthur  business,  the  paper  of  the  even- 
ing, **An  Accurate  Estimation  of  Sulphur  in  Iron  by  the  Evolu- 
tion method,"  prepared  by  Mr.  H.  E.  Walters  and  Mr,  Kobt. 
Miller,  was  read  by  Mr.  Walters. 

The  paper  was  discussed  by  Dr.  Stahl,  Prof.  Phillips, 
Messrs.  Camp,  McKenna  and  Wilkins. 

After  a  general  discussion  of  matters  of  interest,  the  Sec- 
tion upon  motion  adjourned  at  10  p.  m. 

Chas.  H.  Rich, 

Secretary, 
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AN  ACCURATE  ESTIMATION  OF  SULPHUR  IN  IRON 

BY  THE  EVOLUTION  METHOD. 

HARRY  E.  WALTERS  AND  ROBERT  MILLER. 

The  estimation  of  sulphur  in  iron  is  a  subject  upon 
which  a  great  deal  has  been  written,  and  if  apologies  are  nec- 
essary for  our  contributing  to  the  literature  of  the  subject,  we 
can  only  say,  that  we  think  that  the  method  which  we  present 
in  this  paper,  solves  the  problem  of  securing  an  accurate  esti- 
mation by  the  evolution  method. 

Dr.  Phillips,  of  this  Society,  has  shown  that  in  using  the 
evolution  method,  organic  sulphur  compounds  are  formed^ 
which  are  quite  volatile  and  pass  through  the  absorbing  solu- 
tions, and  recently,  Shimer  and  Blair,  in  a  paper  read  at  the 
Mexico  meeting  of  the  American  Institute  of  Mining  Engi-^ 
neers,  have  proven  the  presence  of  a  carbon-sulphur-titanium 
compound  in  some  irons  which  is  insoluble  in  hydrochloric 
acid  and  point  this  out  as  a  further  source  of  error  in  using 
the  evolution  method. 

Most  of  the  investigations  were  carried  on  with  white 
irons,  while  in  our  investigation,  we  have  found  the  variation 
in  results  to  be  as  much,  and  in  most  cases  more,  in  grey  irons. 

It  was  suggested  to  us  that  if  the  sample  be  weighed  off 
and  then  annealed  in  a  non-oxidizing  gas,  that  all  of  the  sul- 
phur could  probably  be  obtained  by  the  evolution  method. 

Samples  of  coke,  foundrv  and  cast  irons,  as  well  as  a 
sample  of  iron  containing  titanium,  were  obtained  and  treated 
as  follows: 

1st.  The  sulphur  was  evolved  by  the  regular  evolution 
method,  using  an  ammoniacal  cadmium  chloride  solution  to 
absorb  the  hydrogen  sulphide  and  titrating  the  cadmium 
sulphide  with  iodine. 

2d.  The  sample  was  weighed  into  a  porcelain  boat  and 
annealed  in  a  porcelain  tube  in  a  current  of  natural  gas  or 
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hydrogen.     After  annealing  the  sulphur  was  evolved  and  esti- 
mated as  in  (1). 

3d.  The  sulphur  was  estimated  by  the  gravimetric 
method. 

The  first  sample  tried,  was  a  sample  taken  from  an  iron 
casting,  which  had  been  cast  in  sand.  This  sample  showed 
.057  sulphur  by  the  regular  method.  The  sample,  after  l)e- 
ing  annealed  and  then  evolved,  as  in  the  first  case,  showed 
.071  sulphur.  The  average  of  five  results  by  the  gravimetric 
method  was  also  .071  sulphur. 

From  these  results  it  will  readily  be  seen  that  after 
annealing,  all  of  the  sulphur  was  evolved  as  hydrogen  sul- 
phide. 

These  results  were  so  encouraging  that  the  rest  of  the 
samples  were  then  tried,  and  in  every  case,  the  result  obtained 
after  annealing,  checked  with  the  gravimetric  result.  Exper- 
iments were  then  instituted  to  find  the  amount  of  time  which 
the  annealing  should  require,  and  it  was  decided  that. for  or- 
dinary irons,  fifteen  (15)  minutes  would  be  suflScient,  but  if 
the  samples  contained  an  appreciable  amount  of  titanium, 
they  should  be  annealed  one  half  hour. 

The  method  finally  decided  on  was  as  follows: 

W^igh  five  (5)  grams  of  the  sample  into  a  porcelain  or 
€opper  boat  and  place  in  a  thin  porcelain  or  nickel  tube,  which 
ii  then  placed  in  a  combustion  furnace,  pass  a  current  of 
natural  gas  or  hydrogen  through  the  tube  a  couple  of  minutes 
to  expel  the  air  and  then  ignite  at  the  end  of  the  tube.  Now 
light  the  burners  under  the  tube  and  turn  on  the  gas  so  that 
the  flame  will  just  encircle  the  tube,  and  anneal  at  a  bright 
red  heat  fifteen  (15)  minutes  to  one  half  hour.  At  the  expira- 
tion of  this  time  turn  out  the  burners  and  allow  the  tube  to 
<5ool  while  the  current  of  gas  continues.  This  will  require 
about  seven  (7)  to  ten  (10)  minutes.  When  cool,  remove  the 
boat  from  the  tube  and  transfer  the  sample  to  a  suitable  flask 
and  evolve  the  sulphur  with  dilute  hydrochloric  acid  (1  acid 
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1  water).  Absorb  the  evolved  hydrogen  sulphide  in  an 
ammoniacal  cadmium  chloride  solution.  Titrate  with  an 
iodine  solution  of  theoretical  strength. 

The   following   results   will  show  how  well  the  method 
compares  with  the  gravimetric  method: 


SAMPLE. 

REGULAR  EVO- 

EVOLUTION AFTERv 

BA     CJ2 

LUTION  METHOD. 

ANNEALING  15  MIN. 

METHOD. 

1  Iron 

casting. 

.057 

.071 

.070 

.057 

.071 

.071 

.071 

.071 
.073 

2  Shot  Sample. 

.034 

.039 

.038 

.0^4 

.039 

.039 

3 

II 

Ik 

.045 
.046 

.051 

.052 

4 

II 

II 

.049 

.059 

.059 

5 

II 

II 

.080 

.085 
.084 

.086 

7 

II 

i< 

.026 

.026 

.026 

8 

II 

II 

.U36 

.035 

.034 

9 

ii 

II 

.052 

.051 

.053 

10 

«i 

II 

.072 

•078 

.077 

11 

II 

II 

.U5 

.132 

.130 

724 

II 

II 

.032 

.031 

.OiO 

.030 

.030 

.032 

730 

ic 

CI 

.05-2  • 

.051 

.049 

.049 

.050 

.050 

740 

<i 

il 

.083 

.031 

.081 

.080 

.082 

.080 

769 

II 

it 

.115 

.119 

.118 

740 

Pig 

.081 

.081 

JD80 

.080 

.079 

.080 

2 

Iron 

castihgs. 

.025 

.034 

.030 

.024 

.036 

.034 

.025 

.032 

.034 

B 

.038 

.056 

.056 

.038 

.055 

.054 

.040 

.057 

.057 

C 

.059 

.076 

.    .076 

.059 

.075 
.074 

.074 

.060 

.075 

12 

Pig 

iron. 

.044 
.043 

.076 
^Q76 

.076 

Shot  samples  2-11  came  from  the  Edgar  Thomson  Fur- 
naces, Duquesne  Furnaces  and  the  Carrie  Furnaces  of  the  Car- 
negie Steel  Co.  and  Dr.  Phillips  of  the  Western  University. 

Shot  samples  724,  730,  740  and  769  are  from  the  Isabella 
furnace.     These  samples  were  heated  to  redness  before  being 
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crushed.     This  probably  accounts  for  the  results  of  the  three 
methods  checking  so  closely. 

Sample  of  pig  iron  740,  is  from  the  same  cast  as  the  shot 
sample  740, 

Samples  B.  &  C.  are  the  American  Foundrymen's  Asso- 
ciation standards. 

No.  12  is  a  sample  of  iron  containing  titanium  and  2.44% 
silicon,  and  was  kindly  furnished  to  us  by  Mr.  P.  W  Shimer, 
of  Lafayette  College.  It  required  thirty  (30)  minutes 
annealing  on  this  sample. 

We  think  that,  the  method  as  outlined  above,  is  practical 
because  it  requires  but  one  hour  to  make  the  determination, 
and  if  a  tube  of  large  bore  be  used  a  large  number  of  samples 
may  be  annealed  at  the  same  time. 

While  we  should  have  liked  to  present  more  results,  and 
also  to  have  tried  annealing  in  nitrogen  and  carbon  diox- 
ide, we  could  not  find  the  time  to  perform  any  more  experi- 
ments. We  think  that  either  of  these  gases  will  act  as  well  as 
hydrogen  or  natural  gas,  and  furthermore  believe  that  if  shot 
samples  are  heated  to  redness  before  they  are  crushed,  they 
will  need  no  further  annealing,  and  all  the  sulphur  will  be 
evolved  as  hydrogen  sulphide. 

In  conclusion  we  would  suggest  that  some  of  the  mem- 
bers of  this  Society  try  this  method,  and  report  their  results  to 
the  Society  at  their  earliest  convenience. 


EnGipiiS'  Society  of  Wester  P  en: 

THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  twenty-third  regular  monthly  meet- 
ing of  the  Engineers'  Society  of  Western  Pennsylvania,  was 
held  in  the  lecture  room  of  the  Society's  house,  410  Penn  ave., 
Pittsburg,  Pa.,  Tuesday  evening,  March  18,  1902,  at  8.15 
o'clock,  with  the  President,  Mr.  Charles  F.  Scott,  in  the  chair, 
and  one  hundred  and  two  members  and  visitors  present. 

The  minutes  of  the  preceeding  meeting  were  read  and 
approved. 

The  Board  of  Direction  reported  that  they  had  consulted 
an  attorney  regarding  the  proposed  Constitution,  but  that  he 
had  advised,  in  general,  that  the  Charter  should  be  supple- 
mented not  by  Constitution,  and  that  By-Laws  should  be  made 
in  conformity  with  the  Charter,  otherwise  the  Charter  would 
have  to  be  changed.  The  Board  will  hold  a  meetingon  Satur- 
day evening,  March  22,  at  which  time  they  will  reconsider  the 
proposed  Constitution,  and  put  same  in  shape  to  be  presented 
tothe  Societv  at  its  next  regular  meeting. 

The  Board  of  Direction  reported  the  names  of  eighteen 
applicants  for  membership  that  had  been  approved,  and  were 
to  be  voted  on  at  the  next  regular  meeting. 

The  following  reports  were  received  by  the  Board  of 
Direction,  Saturday  evening,  March  15th,  and  it  was  unamin- 
ously  voted,  by  the  members  present,  that  the  Society  should 
act  in  accordance  with  the  recommendation  of  the  Committees, 
and  the  reports  should  be  brought  before  the  Society  for  its 
consideration. 

To  the  Board  of  Directors. 

Your  House  Committee  beg  to  submit  the  following 
recommendations  for  your  consideration : 

Owing  to  the  increasing  membership,  the  evident  revival 
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of  interest  and  the  position  the  Society  now  occupies,  we  re- 
commend: 

.  1st.  That  the  Society  arrange  to  occupy  the  two  front 
rooms  on  the  first  floor  of  this  building  in  addition  to  those  now 
occupied  by  it. 

2d.  If  these  rooms  can  be  occupied  by  the  Society,  that 
the  library  be  removed  from  the  lecture  hall  to  the  front  rooms 
on  the  second  floor. 

3d.  Fit  up  and  furnish  the  two  rooms  first  floor  front 
for  lounging  rooms  and  oflSce. 

4th.  Paper  two  rooms  first  floor  front,  front  hail,  stairs, 
second  floor  hall,  coat  room,  two  front  rooms  second  floor, 
lecture  room  and  vestibule. 

6th.  Carpet  two  rooms  first  floor  front,  front  hall,  stairs, 
second  floor  hall  and  room  now  used  as  an  oflSce  on  second 
floor  with  carpet.  Cover  floor  of  the  lecture  room  with  good 
medium  quality  of  linoleum. 

6th.     Repaint  all  interior  wood  work. 

7th.  Sign.  Paint  plainly  the  name  of  the  Society  on  the 
hall  transom  over  the  front  door.  Also  on  lower  glass  of  each 
front  window. 

8th.  Heating.  Procure  and  install  in  the  room  under  lec- 
ture room  a  suitable  gas  furnace,  properly  piped  to  two  regis- 
ters in  the  floor  of  the  lecture  room. 

9th.  Improve  the  ventilation  in  the  lecture  hall  by  extend- 
ing air  shaft  and  repairing  same,  so  that  it  can  be  opened  when 
occasion  demands. 

10th.  Furniture.  Replace  the  folding  chairs  now  in  the 
lecture  room  with  others  that  will  be  more  attractive  and  much 
more  comfortable. 

11th.  Coat  Room.  It  is  almost  certain  that  if  the  tenant 
now  in  the  first  floor  rooms  vacates  she  will  give  up  room  in 
the  third  floor.  We  would  recommend  making  a  store  room 
of  it  and  fix  up  the  present  store  room  for  a  coat  room,  as  the 
present  one  is  entirely  too  small. 
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Total  estimate  in  accordance  with  bids  already  received, 
$811.75. 

^  Respectfully  submitted, 

HOUSE   COMMITTEE, 

E.  S.  McClelland,  Chairman. 

To  the  Board  of  Directors: 

Our  library  is  to-day  practically  useless  so  far  as  reference 
goes,  probably  not  being  used  ten  times  a  year.  We  believe 
this  is  due  to  two  things:  first,  the  proximity  of  the  Carnegie 
Library,  with  its  complete  and  well  catalogued  lists;  second, 
because  our  library  is  far  from  complete. 

We  know  that  our  Society  has  not  the  money  to  devote  to 
making  a  reference  library  which,  even  when  finished,  would 
approach  the  Carnegie  in  completeness.  Therefore,  we  can- 
not help  but  think  it  is  foolish  to  carry  a  large  number  of  books 
of  the  nature  of  back  government  reports.  We  would  recom- 
mend that  the  books  of  this  type  be  given  in  trust  to  some  other 
library,  until  such  time  as  we  have  room  for  them,  and  the  few 
book  cases  which  we  now  have  be  filled  with  literature  of  in- 
terest and  value,  as  a  '^reading,"  not  a  * 'reference  library." 

We  have  to-day  ten  cases  which  will  not  hold  the  number 
of  books  we  own  at  present.  About  four  of  these  are  filled 
with  the  reports  of  agriculture,  geology,  water  ways,  etc.,  and 
we  think  if  the  Society  keeps,  say  two  or  three  of  the  last 
volumes  on  these  various  subjects  it  would  be  all  that  is  neces- 
sary. There  is  at  least  another  case  of  back  numbers  of  peri- 
odicals, such  as  the  Scientific  American,  American  Engineer, 
Architect  and  Building  News,  etc.,  all  of  which  we  believe,  from 
past  experience,  should  be  gotten  rid  of.  This  being  done,  we 
would  then  have  an  opportunity  to  use  our  present  cases,  and 
make  a  library  which  would  contain  the  few  standard  technical 
works  we  now  own,  and  bound  proceedings  of  the  scientific 
societies,  in  such  shape  as  to  be  of  use  and  benefit. 

We  would  further  suggest  that,  if  possible,  the  House 
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Committee  give  the  library  such  rooms  that  the  current  peri- 
odicals may  be  readily  accessible  and  so  that  the  Society  may 
have  both  a  library  and  a  reading  room;  for  the  present  we  have 
nothing  which  could  properly  be  called  either.  In  a  word,  let 
us  do  away  with  the  useless  half  of  our  library,  and  shape  things 
so  that  they  will  be  readable. 

Yours  very  truly, 

LIBRARY    COMMITTEE, 

Sumner  B.  Ely,  Chairman. 

President — The  report  of  the  Board  of  Direction  makes 
certain  recommendations  based  upon  the  reports  of  two  com- 
mittees. These  committees  have  taken  considerable  trouble  to 
canvas  the  subjects  quite  fully.  The  Board  of  Direction  has 
discussed  the  questions  involved  at  some  length  and  has  unani- 
mously decided  that  the  reports  should  be  adopted.  But  as  the 
measures  proposed  are  somewhat  radical  they  have  reported  to 
the  Society,  requesting  that  the  Society  instruct  the  Board  how 
to  act  on  the  two  propositions,  namely,  the  separation  of  the 
library,  leaving  only  part  and  depositing  certain  reports,  etc., 
in  such  other  quarters  as  may  be  secured,  which  are  to  remain, 
however,  the  property  of  the  Society;  moving  the  present  re- 
maining library  into  other  rooms  and  making  a  lecture  room 
only  of  this  room;  and,  second,  the  matter  of  making  certain  im- 
provements upon  the  house,  the  approximate  cost  of  which  will 
be  about  $1,000.00.  I  may  say  that  at  the  beginning  of  the 
year  there  was  a  balance  reported  by  the  Treasurer  of  about 
$1,100.00,  and  an  estimate  of  the  probable  expense  and  income 
for  the  coming  year,  leaving  out  the  rent  we  have  been  getting 
for  the  rooms  we  now  propose  to  occupy,  shows  that  we  ought 
to  have  a  balance  between  $600.00  and  $1,000.00.  We  could, 
therefore,  use  the  money  we  had  in  the  Treasury  at  the  be- 
ginning of  the  year  to  make  these  improvements,  and  at  the  end 
of  the  year  still  have  something  like  $500.00  or  $1,000.00 
balance.  What  is  the  pleasure  of  the  Society  regard  ing  these 
matters? 
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Mk.  Hibsch — I  move  that  these  reports  be  adopted,  and 
that  the  Board  be  authorized  to  go  ahead. 

Mb.  Swensson — I  would  just  like  to  ask  a  question,  and 
that  is,  where  it  is  proposed  to  put  that  part  of  the  library  which 
goes  away  from  here?  What  disposition  is  it  proposed  to  make 
of  it? 

Mb.  Ely — ^This  matter  has  come  up  so  lately  that  we  can 
hardly  say  we  have  arranged  with  anybody  to  take  care  of  these 
reports,  etc. ;  but  from  what  I  have  heard  and  understand  I  think 
there  would  be  no  difficulty  about  the  Carnegie  Library  people 
taking  care  of  them.  I  might  say  that  turning  them  over  to  the 
Library  would  not  mean  that  they  should  be  catalogued  and 
indexed  as  their  other  books  are,  but  merely  kept  in  trust 
for  us.  Probably  a  better  scheme  would  be  to  try  the  Alle- 
gheny Library  people.  That  was  what  we  intended  to  do. 
But  as  I  say  the  matter  has  come  up  so  lately  that  we  have  not 
had  time  to  feel  around. 

Mb.  Swensson — Is  it  wise  to  let  these  records  go  out  of 
our  hands  in  the  first  place  ? 

Mb.  Ely — 1  cannot  see  why  it  is  not.  The  library  is  in- 
complete as  it  is,  and  if  anybody  wants  to  refer  to  any  file  they 
can  always  find  it  at  the  Carnegie  Library. 

Mb.  Swensson — Suppose  it  is  incomplete;  then  it  has  no 
great  value. 

Mb.  Davison — I  think  we  cannot  take  this  view  because, 
as.  I  understand  it,  the  volumes  which  the  Library  Committee 
proposed  to  put  in  trust  somewhere  have  been  donated  to  this 
Society  and  it  certainly  would  not  be  the  proper  thing  for  the 
Society  to  dispose  of  those  books. 

The  Pbesident — ^That  is  not  proposed  nor  asked  for  by 
the  Board. 

Mb.  Thomas — In  regard  to  the  improvements  to  the 
house,  I  would  like  to  ask  a  question  as  to  what  the  Board 
of  Direction  contemplates  in  the  way  of  a  permanent  location 
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for  the  Society.  I  presume  they  feel  this  will  be  the  abiding 
place  of  the  Society  for  some  time  to  come. 

The  President — We  have  considered  that  matter.  It 
will  probably  be  a  couple  of  years  at  least  before  anything  per- 
manent can  be  accomplished  and,  in  any  event,  we  have  a  lease 
on  this  house  which  runs  for  some  three  years  yet.  After  con- 
sidering everything  carefully  it  was  decided  that  the  best  thing 
to  do  was  to  iix  up  the  house  in  good  shape  and  make  good 
use  of  it. 

Mr.  Davison — According  to  your  calculation  it  appears 
that  it  will  be  about  four  years  before  anything  can  be  done  in 
this  direction.  Now  I  make  the  calculation  in  a  little  different 
way.  We  started  a  little  over  a  year  ago  to  create  a  house 
fund.  We  have  about  $1, 000. 00  in  that  house  fund  now.  We 
would  like  to  have  about  $20,000.00  in  that  fund  before  we 
move.     One  into  twenty  goes  twenty  times. 

Mr.  Engstrom — To  correct  Mr.  Davison's  figures.  He 
calculates  $1,000.00  for  the  year  when  the  committee  did  noth- 
ing; now  what  I  want  to  know  is  how  long  it  will  take  them  if 
they  try  to  do  something.      (Laughter). 

Motion  put  and  carried. 

The  following  persons  were  then  balloted  for  and  duly  elect- 
ed to  membership : 

NAME.  occupation  AND  ADDRESS.  ENDORSED  BY. 

ROBERT  J.  ARTHUR,    -    Purchasing  Agent.    -    { l^^y^g.' Anderson. 

Engineering  Dept.  of  the  American  Sheet  Steel  Co.,  Pittsburg,  Pa. 
h.  333  Hale  Street,  E.  E.,  Pittsburg,  Pa. 

GEO.  T.  BARNSLEY.    -   A«ietant  Engineer.    -    { gSLrl'eJw^diSr. 

Of  Construction,  Monon.  River  Bridge,  Wabash  System, 
No.  64  Water  Street,  Pittsburg,  Pa.,  b.  Oakmout,  Pa. 

JOSEPH  A.  FRAUENHEIM,  Secretary  and  Treaeurer,  {  Jq^^*  W^Sindis 
Iron  City  Sanitary  Mfg.  Co.,  406  German  National  Bank  Bids.,  Pittsbuig,  Pa. 

JOSEPH  L.  HALL.      -       -       Engineer,       -       -      { R.' j^eSllknd. 

Westinghouse,  Church,  Kerr&  Co.,  New  York,  N.  Y. 
Westinghouse  Machine  Co.,  East  Pittsburg,  Pa. 
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HARRY  M.  PALMER,  f  Chas.  F.  Scoit, 

Mechanical  and  Electrical  Engineer,  \  Thos.  8.  Perkins. 
Westiiighouse  Electric  &  Mfg.  Co.,  East  Pittabuig,  Pa. 
h.  71  Hazelwood  Ayeuue,  Pittsburg,  Pa. 

JOHN  D   SCOtT,         -        -        Manager,        -        -        |  ^c^WHS^n.' 


Magnolia  Metal  Co.,  Pittsburg,  Pa. 
h.  3352  Perrysville  Avenue,  Allegheny,  Pa. 


Wm.  A.  Bole, 


NOBMAN  W.  STORER,      -      Electrical  Engineer,       -       |  ^^'  ^^ 

Designer  for  Westinghouse  Electric  St  Mfg.  Co.,  East  Pittsburg,  Pa. 
h.  6109  Howe  Street,  Pitisbuxg,  Pa. 

The  President — I  desire  to  announce  that  there  will  be 
a  special  meeting  of  the  Society  under  charge  of  the  Keception 
Committee,  which  has  treated  us  so  nicely  this  evening  at  the 
University  Club.  Mr.  Albree  took  quite  a  trip  last  year,  and 
on  April  2d  he  is  going  to  tell  us  what  he  saw  and  heard. 

Prof.  Kintner — If  new  business  is  in. order,  I  would 
like  to  move  that  a  committee  be  appointed  to  investigate  and 
report  upon  the  matter  of  the  metric  system  now  pending 
before  Congress.  I  believe  this  should  be  thoroughly  discuss- 
ed and,  if  possible,  some  resolution  be  adopted  and  addressed 
to  our  representatives  in  Congress.  In  order  that  this  matter 
may  be  brought  before  the  Society  in  the  regular  way,  there- 
fore, it  seems  best  to  have  a  committee  appointed.  I  there- 
fore move  that  three  members  be  appointed  by  the  Chair  to 
take  this  subject  in  hand  and  report. 

Mr.  Engstrom — I  second  the  motion. 

Mr.  Davison — Did  we  not  have  a  committee  before  on 
this  subject  ? 

The  President — I  believe  the  Society  took  action  on 
this  question  some  eight  or  ten  years  ago.  I  am  not  certain 
jubt  what  they  did. 

Mr.  Swensson — I  believe  there  is  a  resolution  on  the 
books  stating  that  we  should  use  the  metric  system  and 
nothing  else  in  our  papers,  and  I  believe  there  was  a  fine  to  be 
levied  against  members  who  did  not  use  it. 

The  President — I  guess  that  is  right.     I  read  the  first 
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paper  after  that  resolution  was  passed  and  employed  the  metric 
system,  but  nobody  seemed  to  know  what  I  was  talking  about. 
You  have  heard  the  motion,  gentlemen. 

Mb.  Lent — I  would  amend,  asking  the  committee  to  make 
a  preliminary  report  so  that  the  members  of  the  Society  may 
know  beforehand  definitely  what  report  they  intend  to  make. 

Motion  as  amended  carried. 

The  President — I  appoint  on  this  committee,  Prof.  S. 
M.  Kintner,  Mr.  W.  A.  Bole  and  Mr.  Chas.  Hyde. 

Mb.  Swensson — Mr.  Camp  has  just  reminded  me  of 
something  that  I  saw  in  the  paper.  Professor  Brashear  has 
appeared  before  the  Committee  of  Congress  and  spoken  on  the 
metric  system.  Now  is  it  wise  t'»  have  this  Society  go  over  it 
again.  I  tell  this  for  the  benefit  of  the  committee  that  has 
been  appointed. 

Mr.  Wilson — I  have  my  report  of  the  last  Reception 
Committee's  expenses  made  out,  but  unfortunately  I  left  it  in 
my  oflSce;  but  I  can  give  you  the  principal  items  as  I  have  jot- 
ted them  down  here.  This  refers  to  the  last  banquet  of  the 
Society  at  the  Schenley: 

Expenses,  Hotel  Schenley f  932.80 

Menu,  (cards) 118.00 

Flowers 70.00 

Music 50.00 

Card? 3  75 

Postage » 3  CO 

$1,177.55 
Amount  received  for  tickets 1,151.30 

Showing  a  deficit  of. $     26.25 

We  did  not  go  into  the  scheme  with  the  idea  of  making 
any  money,  but  simply  tried  to  give  the  best  banquet  we  could 
with  the  funds  in  sight.  Had  all  the  members  who  promised 
to  purchase  tickets  done  so  we  should  be  able  to  return  to  the 
Society  about  $15.00  on  account  of  this  banquet  instead  of 
showing  a  loss  of  $26.25.     Another  thing,  on  the  last  smoker 
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we  had,  there  was  still  about  $23.00  which  had  been  subscribed, 
but  which  has  never  been  paid  in.  If  all  these  subscriptions 
had  been  paid  in  we  would  have  been  able  to  return  to  the 
Society  about  $48.00.  There  are  at  least  three  men  who  turned 
in  lists  of  names  of  men  who  failed  to  turn  up,  although,  of 
course,  we  had  to  pay  for  their  places  just  the  same  as  if  they 
had  been  there.  I  think  this  will  give  an  idea  of  why  we  are 
short  $26.25. 

Mb.  Camp — ^Knowing  the  hard  work  which  Mr.  Wilson 
and  the  rest  of  the  committee  has  done,  I  think  it  would  be 
fitting  that  the  Society  should  make  up  this  shortage  out  of  the 
general  funds. 

Dr.  Stahl — I  make  a  motion  that  this  be  referred  to  the 
Board  of  Direction. 

Motion  carried. 

Mr.  Hirsgh — I  think  the  Society  is  very  much  indebted 
to  Mr.  Wilson  and  his  committee,  and  I  move  that  the  thanks 
of  the  Society  be  voted  Mr.  Wilson  and  his  committee. 

Motion  carried. 

The  Chairman — We  will  now  listen  to  the  paper  of  the 
evening,  entitled  ''Automobiles,"  by  H.  P.  Maxim. 
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AUTOMOBILES. 

BT    HIRAH    PKBCr    HAXIM. 

It  is  a  singular  fact  that  even  amODg  engineerB  the  auto- 
mobile is  not  generally  well  underetoocl.  Probably  the  least 
well  understood  feature  connected  with  the  automobile  is  its 
field,  or  just  where  its  place  auiong  modem  apparatus  really 
lies. 


MR.  H.  P.  MAXIM. 

The  public  generally  think  of  an  automobile  aa  a  kind  of 
toy  intended  more  for  recreation  and  sport  than  anything  seri- 
ous. In  the  minds  of  a  very  considerable  number  of  people 
the  automobile  is  looked  upon  as  a  fad,  comparing  with  the 
roller  skate  and  the  bicycle. 

It  cannot  be  denied  that  there  is  an  automobile  fad  to-day. 
The  indications  point  to  its  ranking  any  previous  fad  in  history, 
which  may  make  it  a  matter  of  considerable  commercial  im- 
portance. But  this  is  not  the  whole  story.  To  tell  the  whole 
story  and  to  show  the  automobile's  real  place  in  the  world 
there  is  perhaps  no  better  way  than  to  recite  the  results  of 
some  examinations  and  teste  which  have  been  made  as  a  guide 
in  the  application  of  the  automobile  to  certain  existing  trans- 
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portation  troubles.  This  data  has  not  before  been  collected, 
to  the  knowledge  of  the  writer,  and,  in  addition  to  explain- 
ing the  real  place  of  the  automobile,  it  may  also  act  as  more 
or  less  of  a  mile-stone  in  these  early  day^  of  its  development. 
It  is  as  follows: 

Urban  or  city  transportation,  or  at  least  that  part  of  it 
which  is  to-day  having  trouble  with  its  motive  power  is  di- 
vided into  four  classes: 

1st.  The  transportation,  in  a  private  vehicle,  over  ir- 
regular routes,  of  usually  one  but  possibly  two  passengers 
engaged  in  such  service  as  the  daily  visiting  of  physicians, 
contractors,  collectors,  inspectors,  and  similar  business  men. 

2d.  The  transportation  of  one  or  more  passengers  over 
irregular  routes  in  a  hired  vehicle  driven  by  a  hired  driver,  or, 
as  is  better  known,  cab  service. 

3d.  The  transportation  of  several  passengers  by  regu- 
lar omnibus  lines  on  city  streets  which  are  prohibited  to 
street  cars. 

4rth.  The  collection,  transportation  and  distribution  of 
miscellaneous,  city  and  suburban  merchandise. 

In  every  one  of  these  services  the  horse  has  gradually 
become  unsatisfactory  as  a  motive  power.  The  reason  for 
his  inability  to  prove  satisfactory  now,  when  he  has.  been  sat- 
isfactory for  centuries  past,  is  of  course  due  to  the  changes 
that  have  been  made  in  motive  power  in  all  other  branches  of 
transportation.  If  it  were  not  that  the  steam  railroad  and  the 
electric  street  car  had  set  standards  which  other  forms  of  trans- 
portation must  meet,  there  is  no  doubt  that  the  horse  would 
have  continued  to  give  satisfactory  service  in  the  work  we  are 
considering. 

Taking  up  the  divisions  of  city  transportation  as  they 
have  been  given,  their  general  characteristics  which  show  the 
cause  of  the  trouble  are  as  follows  : 

1,     Private   Vehicles  for   One  or  Two  Passengers, 
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From  mileage  tests  and  examinations  of  business  carriage 
service  in  several  large  cities  it  has  been  found  the  total  mile- 
ages made  per  day  run  somewhere  about  as  shown  by  curve  A 
(Figure  1).  The  average  horse  is  said  to  be  able  to  go  not 
over  15  miles  every  day  in  city  service,  if  he  is  to  last  any 
reasonable  length  of  time.  In  regular  service  it  is  seen  that 
85%  of  the  carriages  go  more  than  15  miles  in  a  day.  By 
horse  motive  power  it  is  then  plain  that  either  rapid  deprecia- 
tion must  be  suffered  or  the  motive  power  equipment  dupli- 
cated. Either  case  produces  expenses  which  are  the  beginning 
of  the  unsatisfactory  performance. 

This  question  is,  however,  in  practice  not  the  only  one 
that  is  troublesome.  In  every-day  work  the  horse  as  a  motive 
power  needs  consideration  which  is  inconvenient.  He  is  not 
easily  cut  out,  so  his  power  cannot  be  accidentally  turned  on. 
He  requires  protection  from  cold  and  heat.  He  cannot,  with- 
out injury,  accept  an  overload  for  an  interval  and  then  stand 
under  no  load  for  a  longer  interval.  He  has  ailments  which 
cannot  be  investigated  with  a  two-foot  rule  and  cured  by  a  re- 
newal of  the  affected  part,  and  he  is  limited  in  speed  on  long 
runs  where  speed  is  safely  possible  and  most  economical. 

To  substitute  a  mechanical  motive  power  in  this  service  a 
few  more  of  its  characteristics  are  required.  Especially  is 
this  important  in  the  determination  of  the  most  suitable  of 
different  forms  of  motive  power. 

Curve  B  shows,  as  nearly  as  this  service  can  be  plotted, 
the  maximum  mileages  before  return  to  the  home  point. 
It  is  found  that  only  12%  of  all  vehicles  in -daily  use 
run  more  than  20  miles  before  returning  home.  Likewise, 
only  18%  run  18  miles  or  more  before  returning.  In  other 
words,  no  less  than  82%  run  less  than  18  miles  before  oppor- 
tunity for  some  form  of  recharging  occurs. 

The  length  of  time  at  home  before  starting  again  which 
would  be  admissible  for  recharging  was  then  investigated,  as 
it  of  course  would  be  the  important  factor,  taken  in  considera- 
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Fig.  !■    Electtic  eiprasp  cir.    MiiiopllaneoM  expres'Und    * 
ficigfat  ia  Uwufemed  between  Icng  diswnoe  points  in  lb*se 
can. 

Investigmtion  was  ali*  made  into  enersjv-  cxi->enditiire  jxt 
loD  mile  or  "wattage,"  as  I  have  termed  the  value  These 
meaeuremeDts  were  made  by  mounting  a  recording  watl  lioiir 
meter  in  an  electric  automobile,  anil  either  following  around 
the  rebicles,  being  observed  from  tbe  start  in  the  morning  tni- 
til  the  finish  at  night,  or  by   putting  the  automobile  dirtn'tlv 
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into  the  actual  service  itself.  Mileage  and  stop  readings  were 
of  course  also  taken.  It  was  found  that  in  fairly  level  cities, 
such  as  New  York,  Hartford,  Chicago,  Cleveland  and  Phila- 
delphia, the  service  wattage  bore  a  relation  to  the  wattage  on 
a  level  asphalt  road,  called  ''Level  Wattage,"  of  from  1.10  to 
1,  to  1.13  to  1,  or  in  other  words,  an  increase  of  from  10%  to 
13%.  In  Pittsburgh  the  figure  was  found  to  be  from  20%  to 
25%,  due  to  the  hills  and  bad  pavements. 

With  all  this  data,  it  becomes  easy  to  determine  the  mo- 
tive power  most  suitable  for  the  majority  of  the  work^ 

If  in  only  12%  of  the  cases  the  total  mileage  per  day  ex- 
ceeds 80  miles,  and  in  only  18%  of  the  cases  the  maximum 
mileage  before  return  to  home  point  is  18  miles,  and  in  85% 
of  the  cases,  the  total  time  of  lay-over  at  the  home  point  is  2|^ 
hours  or  over,  and  the  service  is  one  where  the  business  man, 
preoccupied  and  hurried,  does  the  driving,  then  it  is  undoubt- 
edly safe  to  say  that  for  75%  of  this  service,  electric  motive 
power  is  best,  and  will  be  ultimately  used. 

For  the  remaining  26%,  with  its  short  or  entire  absence 
of  lay-overs,  or  where  the  mileages  are  beyond  the  practical 
field  of  the  electrical  equipment,  the  engine  propelled  system 
is  best  and  necessary. 

For  the  entire  100%  of  the  service  we  furthurmore  see 
that  the  automobile,  even  as  it  exists  to-day,  is  able  to  better 
do  the  work  than  is  the  horse. 

2.     Private  vehicles  for  one  or  iiwre  passengers. 

This  is,  of  course,  the  cab.  The  cab  is  really  an  enlarged 
type  of  the  small  private  vehicle  just  discussed,  but  furnished 
with  a  hired  driver.  It  is  distinctly  a  business  vehicle,  and 
though  public  nominally,  is  really  private  while  in  the  employ 
of  the  passenger. 

The  service  of  the  cab  is  found  upon  investigation  to  be 
very  peculiar.  Its  characteristics  are  not  susceptible  of  plot- 
ting, as  in  the  case  of  the  small  business  carriage.    It  seems  to 
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have  a  high  caste  and  a  low  caste.  In  its  high  caste  form  it 
demands,  regardless  of  cost,  the  maximum  of  comfort  and 
convenience  in  the  transportation  of  a  passenger,  from  the  very 
door  of  his  starting  point  to  the  very  door  of  his  destination. 
In  its  low  caste  form,  it  demands  the  lowest  possible  rate  of 
fare,  and  only  a  moderate  degree  of  comfort. 

In  the  high  caste  form  the  horse  is  fairly  satisfactory, 
though  his  expense  due  to  depreciation  reduces  the  possible 
earnings.  This  is  the  principal  form  in  which  cab  service 
exists  to-day. 

In  the  low  caste  form  there  are  but  a  very  few  cabs  in  ex- 
istence. What  there  are — the  Boston  herdic  being  a  good 
example — are  entirely  unsatisfactory  in  comfort,  speed,  dis- 
tance capacity  and  cleanliness,  owing  to  the  very  rigid  econo- 
mies necessary  where  the  horse  is  the  motive  power. 

The  mileages  of  both  classes  of  cabs  have  been  found  to 
be  large  in  the  aggregate  per  day,  as  may  readily  be  imagined, 
since  mileage  is  nominally  earnings.  The  lay-overs  are  fre- 
quent and  at  times  long,  but  they  are  usually  irregular. 

The  wattage,  or  energy  expenditure,  has  been  found  to  be 
very  considerably  higher  per  ton  mile  than  would  ordinarily  be 
expected.  This  is  due  to  the  presence  of  the  hired  driver,  and 
the  less  careful  manipulation  the  vehicle  receives  at  his  hands 
than  it  does  at  the  hands  of  the  owner.  The  cab  driver  is  al- 
ways interested  in  hurrying,  in  order  to  earn  possible  reward 
in  the  form  of  fees,  and  has,  up  to  the  present  time,  no  direct 
interest  in  keeping  down  wear  and  tear  and  energy  expendi- 
ture. The  owner  of  a  vehicle,  the  driver  usuaDy  in  business 
carriages,  on  the  other  hand,  is  financially  interested  in  both. 

In  practice  it  is  found  that  the  service  wattage  averages 
an  increase  of  approx.  30  fo  to  36%  over  the  level  wattage. 

When  it  comes  to  motive  power,  the  high  caste  service  is 
interested  only  in  the  electic,  and  that  only  as  a  means  of  get- 
ting greater  mileage  per  day,  better  speed  in  trips  and  con- 
sequently more  trips  in  a  day,  and  lower  operating   expenses. 
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Id  New  York  orer  200  aatomobile  cmbs  are  in  daily  aenrice  in 
this  bigfa  caste  work.     All  of  them  are  electrically   propelled. 

They  haTe  onqaestioiiably  provided  at  least  some  of  the 
improTeroents  demanded,  for  we  find  them  a  recc^nized  &ctor 
in  the  city's  transportation  problems.  The  strength  and  per- 
manence of  their  position  may  be  judged,  when  it  is  stated 
that  they  are  ased  for  daily  transportation,  because  of  their 
ability  to  giTe  a  maximum  of  privacy  and  comfort,  and  to  con- 
same  less  time  than  would  be  the  case  by  any  other  transpor- 
tation STailable. 

When  we  come  to  the  low  price  cab,  where  the  govern- 
ing law  is  the  survival  of  the  cheapest,  the  conditions  are 
different.  The  horse  has  been  unable  to  make  possible  a  cheap 
cab,  which  is  satisfactory.  As  things  stand,  we  usually  have 
nothing  that  is  publicly  available  between  a  one  dollar,  or 
more  often  a  two,  three,  or  even  four  dollar  carriage,  and  a 
five  cent  place  on  a  street  car.  Every  night  in  the  year,  in 
most  of  oar  large  cities,  this  unsatisfactory  graduation  in  the 
scale  of  transportation  facilities,  is  a  cause  of  extreme  discom- 
fort, and  oftentimes  suffering.  As  an  example,  take  a  rainy 
night  in  Pittsburgh.  Hundreds,  and  more  frequently  thou- 
sands, of  people  returning  from  places  of  amusement  are  com- 
pelled to  crowd  into  a  street  car  filled  already  to  over- 
flowing with  steaming,  wet  humanity,  and  be  pushed  and  el- 
bowed in  the  closest  contact  with  we  know  not  whom,  for 
half  an  hour,  and  finally  deposited,  in  probably  75%  of  the 
cases,  a  quarter  of  a  mile  from  their  homes. 

A  finer  graduation  of  the  scale  than  is  reprfliented  by  5 
cents  and  $2.00  would  be  very  acceptable  to  a  great  many  of 
these  people.  But  the  horse  cannot  supply  this  finer  gradua- 
tion and  make  it  pay.  The  substitution  of  a  mechanical  mo- 
tive power  changes  this  state  of  affairs,  however. 

As  an  indication  of  what  is  possible  in  cost,  per  ton  mile 
with  the  prime  mover  propelled  vehicle,  the  following  is  of  in- 
terest: 


AUTOMOBILES.  103 

In  the  ordinary  gasoline  engine  propelled  automobile  of 
to-day,  the  level  ton  mile  is  easily  accomplished  on  .  066  gallon 
of  gasoline.  If  the  service  wattage  is  35%  over  level,  the  ser- 
vice gasoline  consumption  per  ton  mile  would  be  .083  gallons. 
If  the  daily  mileage  is  40  and  gasoline  costs  13c  per  gallon, 
and  the  cab  and  load  weigh  2,000  lbs.,  the  cost  of  fuel  for 
the  entire  day's  work  would  amount  to 

.083  X  40  X  .13  =  $  .43. 

The  only  additional  vehicle  expenses  would  be  lubrication 
and  depreciation.  These  could  be  enormous  and  out  of  all 
probability,  and  yet  leave  the  cost  far  below  what  would  be 
possible  with  the  horse. 

With  an  electric  system,  the  power  being  originally  gener- 
ated by  a  prime  mover,  the  many  conversions  of  it  makes  it 
usually  cost  more  per  ton  mile  than  is  the  case  when  the  prime 
mover  is  directly  upon  the  vehicle. 

On  this  basis  it  would  seem  that  the  engine  propelled  au- 
tomobile would  be  able  to  best  withstand  the  workings  of  the 
law  of  the  survival  of  the  cheapest. 

With  such  a  motive  power  driving  an  auton\obile  cab, 
several  steps  become  possible  of  insertion  in  the  graduation 
between  oc  and  1^2.00.  I  firmly  believe  such  an  automobile 
is  not  only  possible  to-day  but  inevitable  in  its  coming.  It 
will  make  available  to  us  a  means  of  transportation  which  in 
comfort,  convenience,  speed  and  rate  of  fare  will  cause  75  % 
of  us  to  adopt  it  for  all  evening  and  a  certain  share  of  our  day 
traveling. 

5.     Public   Vehicles  for  Several  Passengers, 

This  is  the  omnibus.  Its  service  consists  principally  in 
a  regular  schedule  of  omnibuses  operating  on  streets  or  routes 
not  provided  with  street  cars.  In  some  cases  street  car  lines 
are  not  economical,  and  in  others  the  streets  are  prohibited  to 
electric  cars,  yet  in  each  passenger  transportation  facilities  are 
imperative. 
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In  almost  every  one  of  these  cases  the  limitations  of  the 
horse  have  lon^  been  the  cause  of  extremely  unsatisfactory 
service,  and  demands  for  improvements  in  motive  power  most 
insistant. 

The  characteristics  of  the  service  have  been  found  to  be 
easily  met  by  automobiles  in  every  case,  and  several  lines 
are  being  equipped  at  the  present  time. 

The  aggregate  mileages  per  day  per  bus  are,  as  may  be 
expected  in  any  continuously  running  vehicle,  relatively  high. 
This  is  not  of  so  much  importance,  however,  as  in  this  service 
the  vehicle  periodically  passes  the  home  point.  The  maximum 
mileage  before  return  to  home  point  is  of  greatest  importance, 
and  is  the  factor  which  determines  the  form  of  motive  power 
most  suitable. 

This  mileage  is  found  to  vary  greatly.  In  some  cases  it 
is  3  miles  and  in  others  30  miles. 

The  lay-overs  at  the  home  point  are  invariably  short,  ow- 
ing to  the  desire  to  keep  the  number  of  buses  down,  and  the 
consequent  necessity  of  keeping  them  continuously  running. 

The  wattages  have  been  found  to  depend  upon  the  num- 
ber of  stops  and  starts  and  the  nature  of  the  traffic  on  the 
streets  over  which  the  routes  run.  Where  the  passengers 
picked  up  and  dropped  are  few  per  mile  and  the  traffic  condi- 
tions open,  the  service  wattage  rarely  is  over  20%  increase  over 
the  level  wattage.  Where,  however,  the  passenger  stops  are 
frequent  and  the  traffic  conditions  crowded  and  tending  to  in- 
crease the  number  of  slow-downs  and  accelerations,  the  increase 
amounts  to  much  higher  figures.  On  Fifth  ave..  New  York, 
the  wattage  averages  in  the  vicinity  of  50%  increase,  while  in 
winter,  during  a  snow  storm  or  before  the  avenue  has  been 
cleared,  it  amounts  to  150  %  and  over. 

The  motive  power  almost  exclusively  used  to  date  is  the 
electric.  It  is,  of  course,  limited  to  routes  having  mileages  Ije- 
tween  returns  to  home  point  within  the  practical  possibilities  of 
the  batteries.     The  batteries  are  changed  each  time  of  passing 
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the  borne  point,  or  erery  other  time,  w  the  cam-  msv  )k,  lit-  uhu 
cbanic&l  etevators  asd  traaefer  aiipanuutt.  ■  fre^tilv  <-bar}:v(| 
batteiT  beiog  snbstiUited  for  tbe  diw:harp«d  ooe. 

lo  all  of  these  cu«f^  where  liif  inoUilliitioii  tiao  Ih^u 
carefully  done,  it  has  been  found  tliat  ibe  Miiiomnliilv  Iki^  w'm> 
in6nilely  saperior  to  tbe  hortie-dnwn  one.  and  tn]|K>rtaiit  Iti- 
tare  derelopmrat  seemed  inevitstile. 

Where,  bowerer.  tbe  routet-  are  ^ul■b  tliitt  ilif  pritdiic-i  irf 
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the  mileage  before  return  to  hnuit  fciut  and  tl>e  wrvkf  wl 
tage  per  ton  mik  ie  beyond  tbe  jiracticaJ  lixuilt^  i»f  tbf  MfUH, 
faatSery,  or  where  haXiery  t-han^ring-  and  chiiri.'irji:  fa'^litife-  u 
Dot  ptacbeal,  the  electric  byi>tem  ib-  ntit  suju>>le.,  and  ibe  eni'-i 
pTOpdled  vebide  becomes  lieeL 

GaBtdiae  engine  propolleiJ  oniDi)*use^  are  iu  uf^-  iu  Knf 
in  sevvra]  plaoefi,  and  eieam  bu-^shave  lieen  fre-pKiillv   u^-d 
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this  coantry.  All  have  not  been  successful  from  a  financial 
standpoint,  but  every  one  has  been  of  immense  success  as  far 
as  the  improvement  of  transportation  facilities  went.  The 
financial  failures  we  may  take  as  defects  in  handling  more  than 
defects  in  the  principles  involved,  as  what  has  been  accom- 
plished by  the  automobile  bus  has  been  too  much  of  an  im- 
provement over  horse  service  to  be  overlooked  or  forgotten. 

.  ^.     Freight  Canying   Vehicles, 

As  already  stated,  this  class  is  divided  into  three  branches. 
As  far  as  motive  power  is  concerned  they  may  be  taken  to- 
gether, as  their  work  is  near  enough  alike  to  admit  of  it. 

The  work  to  be  done  is  the  collection  and  distribution  of 
relatively  light  miscellaneous  merchandise,  or  as  it  is  better 
known,  "express  matter."  There  is  no  more  difficult  service 
for  'horses.  The  points  of  collection  are  scattered  all  over  a 
city,  as  are  also  the  points  of  distribution.  It  makes  no  differ- 
ence whether  it  is  the  same  matter  that  is  distributed  that  was 
collected,  as  the  work  of  transportation  is  the  same. 

The  aggregate  mileages  per  vehicle  per  day  have  been 
found  to  vary  considerably.  This  is  due  to  arbitrary  business 
reasons.  For  instance :  the  Pittsburgh  Express  Co. ,  in 
Pittsburg,  and  the  Metropolitan  Express  Co.,  in  New  York,  col- 
lect at  and  distribute  from  central  stations  located  in  different 
parts  of  their  respective  cities,  and  have  arrangements  with 
the  street  car  companies  to  do  the  distance  transportation  be- 
tween these  points  in  electric  express  cars  running  on  the  street 
car  tracks.  Their  wagon  mileages  are  consequently  relatively 
low. 

On  the  other  hand,  the  Manhattan  Express  Co.,  in  New 
York,  a  local  and  suburban  company,  and  the  Adams  and 
American  Express  companies  do  all  their  city  transportation  by 
horse  wagons.  In  a  large  city  this  makes  the  mileage  high. 
An  idea  of  the  mileages  is  obtained  l)y  the  following,  made 
from  direful    tests  :  In  the  down  town  district  of  Pittsburgh, 
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where  the  principal  purchasing,  and  therefore  collecting,  is 
done,  the  average  mileage  of  wagons  engaged  in  express  work 
is  8i  miles  per  day.  The  maximum  of  all  those  measured 
is  one  engaged  in  both  distributing  and  collecting,  and  runs 
from  virtually  the  Pennsylvania  Railroad  station  out  Fifth 
ave.  and  Forbes  street  to  the  Hotel  Scbenley,  and  then  back 
over  Herron  Hill.  The  length  of  this  run  is  9^  miles.  One 
trip  per  day  is  made. 

The  minimum  is  one  confined  to  the  down  town  district, 
and  is  71-16  miles  per  day.  This  seems  surprisingly  low, 
yet  is  a  full  day^s  work.  It  is  doubtful  if  more  than  15^  re- 
duction in  this  time  could  be  effected,  no  matter  what  the  speed 
of  the  vehicle,  as  most  of  the  time  is  taken  in  loading  and 
working  slowly  through  the  other  street  traffic. 

In  East  Liberty,  the  wagons  doing  principally  distribu- 
ting run  an  average  of  19^  miles  per  day.  In  New  York, 
wagons  of  the  larger  express  companies  doing  distributing  and 
collecting  between  branch  offices  average  30  miles  every  day, 
the  maximum  measured  being  40^  miles  and  the  minimum  16 
miles. 

Not  enough  uniformity  exists  to  make  it  practical  to  plot 
general  tendencies,  as  can  be  done  in  the  passenger  vehicle 
service. 

The  lay-over  characteristics  are  fairly  uniform,  and  such 
as  to  immensely  simplify  the  application  of  mechanical  motive 
power.  In  the  cases  of  collecting  wagons  in  the  down  town 
districts  of  Pittsburgh,  for  an  example  that  can  be  judged 
fairly  well,  the  total  hours  per  day  lay-over  per  wagon  at  the 
home  point  averages  2^  hours.  The  maximum  measured  is  2 
hours  and  56  minutes,  and  the  minimum  is  1  hour  and  30 
minutes. 

In  East  Liberty,  distributing  wagons  lay  over  an 
average  of  2  hours  and  10  minutes  at  the  home  point. 
In  New  York,  wagons  doing  40J  miles  every  day  (re- 
quiring   three    changes   of    horses  per    day    to    do  it),  lay 
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ovor  a  total  of  3  hours  at  the  home  station  and  another 
hour  at  some  of  the  important  sub-stations,  or  4  hours 
where  recharging  would  be  convenient  as  not.  The  mini- 
mum lay-over  in  New  York  express  wagon  service  can  be 
taken  as  2  hours  during  the  day;  still  a  time  enabling  75^  per 
cent  of  a  storage  battery's  complete  capacity  to  be  returned 
to  it. 

The  wattage  increase  in  this  kind  of  service  is  invariably 
found  higher  in  the  short  mileage  routes  than  in  the  long  ones. 
In  the  down  town  wagons  in  Pittsburgh,  for  instance,  the 
average  increase  over  level  wattage  is  69%.  In  the  short 
down  town  routes  of  New  York,  it  is,  in  cases  that  have  been 
measured,  75%. 

In  East  Liberty  the  average  is  25%.  In  long  runs  in 
Now  York,  it  runs  about  29%.  The  reason  for  this  vast  in- 
crease of  the  short  over  the  long,  is  the  almost  universal  bad 
stone  paving  in  crowded  down  town  districts,  and  the  univer- 
sal  asphalt  or  good  stone  paving  on  long  avenues.  It  has  been 
found  that  accelerating  a  heavily  laden  wagon  over  pavements 
having  bad  holes,  hollows  and  car  tracks,  requires  many  times 
the  energy  expenditure  that  is  necessary  on  a  clear  stone  pave- 
ment, filled  with  small  and  uniform  hollows,  or  yet  better,  an 
asphalt  pavement.  The  effect  of  these  pavements  on  horse 
flesh  depreciation  is  not  appreciated  even  by  express  companies. 

An  interesting  indication  of  this  is  shown  by  the  fact  that 
even  with  Pittsburgh  hills  the  wattage  is  less  than  in  New 
York.  This  is  due  to  more  frequent  use  of  asphalt  in  Pitts- 
burgh in  the  down  town  districts,  and  the  almost  universal 
asphalt  in  the  outer  districts.  In  tests  the  writer  has  made  of 
express  routes,  including  Third  a ve.,  the  Bowery,  Peck  Slip, 
South  St.  and  Fulton  Market,  in  New  York,  where  the  paving 
is  the  worst  the  writer  has  ever  seen,  the  service  wattage  was 
found  to  be  78  %  over  level  wattage.  This  was  almost  entire- 
ly due  to  the  dense  traffic  and  the  continuous  accelera tings 
from   almost  standstills.     For  some  unfortunate  reason,  the 
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Fig.  3.  Eiectrk  aatomobile  expreas  mgon  in  wrvicv. 
speed.  It  ia  in  tirase  runs  tbat  the  horse  ^suffers  mu!^!,  IhiiIi  in 
hot  aod  in  cold  weather,  for  it  is  her©  that  sjtoed  i«  most  wiuil- 
«d  to  oompet©  witii  rail  transportation.  Lonff  Ift_v-t>vern  )wnfi 
aniverBal  at  both  ends  of  nearly  all  runs  power  is  easily  ii>. 
charged,  and  only  a  moderate  surplus  is  necesMry,  wnn  with 
winter  snow. 

Up  to  the  present  time  the  motive  (>ower  alimiBi  imivt'i- 
sal  where  automobiles  have   been    UBod  in  tliix  wrvi>'i>^iirul 
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there  are  hundreds  at  work  to-day — has  been  the  electric. 
Only  in  a  very  few  cases,  comparatively,  has  gasoline  or  steam 
been  used.  Where  they  have  it  is  usually  in  the  distribution 
of  purchases  from  private  stores. 

In  all  probability  in  express  service,  gasoline  or  steam,  as 
the  prime  mover  systems,  would  be  able  to  show  less  saving 
in  cost  of  transportation  per  ton  mile  over  electric  system  than 
is  usually  the  case.  This  is  due  to  the  wholesale  chai*acter  of 
everything,  when  large  numbers  of  vehicles  are  operated  from 
one  point,  as  would  be  the  case  in  express  service.  Power  would 
be  used  in  large  enough  quantities  to  pay  to  generate  it  from 
large  units,  which  are  very  much  more  efficient  than  the  en- 
gines of  an  automobile  could  ever  hope  to  be. 

Battery  repairing  and  renewal  would  be  done  on  a  whole- 
sale scale,  which  would  materially  decrease  this,  most  expen- 
sive feature  that  the  electric  system  has. 

For  these  reasons  it  seems  unquestionable,  when  it  comes 
to  the  question  of  motive  power  for  transportation  of  express 
matter,  that  the  electric  system  offers  the  greatest  number  of 
advantages,  and  will  for  some  time  to  come,  be  the  principal 
motive  power  used.  That  it  will  always  be  so  is  not  plain,  as 
the  law  of  the  survival  of  the  cheapest  per  ton  mile,  other 
things  being  equal,  will  be  as  inevitable  in  this  as  is  the  law  of 
the  survival  of  the  fittest  in  nature. 

This  completes  the  recital  of  the  examinations  and  tests 
that  have  been  made  into  existing  transportation  problems 
and  the  consideration  of  the  suitability  of  the  automobile  for 
their  improvement.  In  such  a  recital  it  is  not  possible,  with- 
out taking  up  too  much  time,  to  go  into  the  designs  of  existing 
automobiles,  and  study  their  detail  suitability  for  work  of  the 
kind  described.  So  an  automobile  including  the  best  of  all 
designs  has  been  assumed. 

From  this  recital  it  must  be  conceded  that  the  mechanic- 
ally propelled  vehicle,  independent  of  fixed  tracks,  is  a  devel- 
opment resulting  from  the  need  of  better  transportation,  rath- 
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er  than  because  of  any  fad.  Our  cities  have  already  spread 
to  areas  which  make  the  irregular  transportation  of  passengers 
and  merchandise  over  them  most  difficult,  and  the  continued  de- 
velopment of  the  prime  cause  of  it  all — the  electric  street  car — is 
daily  increasing  the  difficulties.  The  automobile  comes  as  a 
successor  to  a  part  of  the  work  of  the  horse,  just  as  the  elec- 
tric street  car  came  as  a  successor  to  part  of  his  work.  From 
the  very  nature  of  our  civilization  it  becomes  an  absolute  ne- 
cessity. The  mechanically  propelled  street  vehicle  is  as  inevit- 
able as  was  the  mechanically  propelled  boat,  railroad  train  and 
street  car,  and  we  might  as  well  include  such  institutions 
among  our  fads  as  to  include  the  automobile.  When  it  comes 
to  their  manufacture,  where  we  will  build  one  for  pleasure, 
sport,  or  fad,  we  will  build  one  hundred  for  serious  work. 

DISCUSSION. 

The  President — In  reading  over  the  advance  copy  of  the 
paper  which  Mr.  Maxim  has  just  read,  there  were  two  points 
which  struck  me  with  great  force.  One  was  that  the  way  in 
which  I  had  regarded  the  automoble,  the  way  in  which  I  had 
heard  the  subject  discussed  with  a  great  deal  of  interest— and 
almost  vehemence  by  some  of  my  friends  who  are  automobile 
enthusiasts,  was  hardly  mentioned  at  all  nor  included  in  the 
classification  of  its  uses;  and  that  is,  its  use  as  a  pleasure  vehicle 
which  I  should  think  constitutes  about  nine-tenths  of  the  service 
to  which  the  automobile  is  put  at  the  present  time,  but  which  is 
almost  entirely  disregarded  by  Mr.  Maxim. 

The  second  thing  I  noticed  as  not  being  fully  treated  by 
Mr.  Maxim  is  a  point  which  I  have  heard  discussed  by  my 
friends  and  which  seems  to  me  to  excite  the  greater  proportion 
of  the  controversy  on  this  subject,  is  the  question  as  to  whether 
the  automobile  should  be  electric,  steam,  or  gasoline.  Mr. 
Maxim,  however,  has  not  taken  this  up  to  any  extent,  but  I 
should  say  has  made  this  feature  one- tenth  instead  of  nine- tenths. 
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I  presume,  however,  that  there  are  others  who  may  be  called 
upon  to  give  this  point  due  prominence. 

A  gentleman  who  is  connected  with  automobile  work  but 
who  is  unfortunately  not  with  us  this  evening,  stated  to  me  with- 
in the  last  two  weeks  that  the  horse  for  express  service — local 
express  service — in  ten  years  from  now  would  be  used  only  as 
a  method  of  advertising.  This  subject  is  one  of  much  interest 
and  the  paper  is  now  open  for  discussion. 

Mr.  Hirsch — I  would  like  to  ask  Mr.  Maxini  a  question. 
He  speaks  of  the  use  of  electricity  as  the  present  and  coming 
motive  power  for  automobiles  but  states  *  'that  it  will  always  be 
so  is  not  plain,"  etc.,  etc.  1  would  like  to  ask  him  what  other 
power  might  be  used  instead. 

Mr.  Maxim — I  think  electricity  as  a  motive  power  will  be 
used  first  for  express  service  because  we  can  get  the  maximum 
reliability  from  it.  In  making  the  substitution  of  a  mechanical 
motive  power  for  the  horse  in  express  service  to-day  we  have  to 
get  something  that  will  work  pretty  nearly  right  the  first  time. 
As  far  as  reliability  goes  we  might  say  that  electricity  is  almost 
fool-proof.  We  are  dealing  with  a  revolution  here.  We  have 
to  throw  down  a  lot  of  strong  ideas  and  prejudices,  and  it  is  my 
conviction  that  electricity  will  take  the  field  in  express  service 
first  because  we  can  make  the  electric  automobile  so  that 
it  is  almost  independent  of  any  skill  on  the  part  of  the 
driver.  The  driver  need  only  steer  and  apply  the  power  and 
take  it  off.  There  is  no  other  form  of  motive  power  available 
yet  in  which  such  simple  operation  is  possible.  There 
are  two  other  motives  powers  in  use  to-day.  The  gasoline 
engine  and  the  steam  engine.  We  probably  stand  a  better 
chance  of  getting  an  absolutely  automatic  motor  with  gasoline 
than  we  do  with  steam.  We  can  now  produce  a  horse  power 
hour  cheaper  with  it  than  with  any  other  motive  power  suitable 
for  a  vehicle.  We  can  probably  get  the  H.  P.  hour  for  one- 
half  what  we  can  get  it  with  a  steam  plant  on  the  same  vehicle. 
It  seems  very  doubtful  whether  we  shall  ever  get  a  steam  plant 
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entirely  automatic — one  which  it  will  be  safe  to  make  automatic. 
Therefore,  just  as  soon  as  we  can  produce  a  gasoline  motive 
power  equipment  which  requires  no  more  skill  to  drive  than  the 
electric  machine  does  to-day,  where  engine  power  counts  for 
anything,  the  gasoline  machine  may  be  better  than  the  electric. 
I  do  not  believe  that  steam  has  any  chance  whatever.  That  is 
why  I  say  it  is  probable  the  electric  machine  will  not  always 
have  the  lead.  In  express  service,  where  they  cannot  afford  to 
have  anything  unreliable,  the  gasoline  may  eventually  give  the 
electric  automobile  a  hard  rub.  But  I  have  been  unable  to  see 
any  chance  in  that  service  for  steam. 

Mr.  Newman — In  reading  over  the  advance  copy  of  this 
evening's  paper,  the  same  thing  as  mentioned  by  Mr.  Scott  in 
connection  with  pleasure  automobiles  struck  me  very  forcibly, 
and  I  think  there  are  a  good  many  people  inquiring  as  to  the 
future  of  automobiles  and  who  want  to  know  whether  they  will 
be  permanent  or  not. 

The  basic  value  of  any  proposition  depends  upon  its  com- 
mercial  importance  and,  naturally,  the  first  question  which 
comes  to  the  engineer  and  capitalist  is  what  conditions  exist 
which  will  make  a  market  for  automobiles  and  wiU  create  a  de- 
sire in  the  public  mind  for  their  use.  Mr.  Maxim  told  us  that 
the  desire  to  improve  upon  the  present  system  of  transportation 
has  brought  about  the  advent  of  the  automobile,  and  that  it  is 
being  pushed  to  perfection  by  existing  conditions  of  road  trans- 
portation, which  was  brought  to  our  notice  by  the  work  which 
the  steam  and  electric  cars  have  done  in  bettering  their  respec- 
tive methods  of  transportation.  The  passing  of  the  horse  is  not 
due  to  the  immediate  introduction  of  the  automobile,  as  many 
people  would  suppose,  but  I  think  it  began  with  the  time  when 
mechanism  were  first  introduced  into  commercial  and  industrial 
life,  and  that  the  automobile  is  only  the  fourth  or  fifth  step  in 
the  ladder  of  progression.  I  am  a  great  believer  in  the  future 
of  the  electric  vehicle  and  in  this  connection  it  might  be  well  to 
say  a  word  or  two  about  the  comparison  of  apparatus.     At  the 
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first  automobile  shows  held  three  or  four  years  ago  the  number 
of  electrical  vehicles  on  exhibition  were  far  in  excess  of  the 
number  of  either  steam  or  gasoline  machines.  At  the  Madison 
Square  Show  last  fall,  held  in  New  York,  there  were  only  three 
electric  vehicle  companies  represented.  Three  weeks  ago  in 
Chicago  the  number  of  electric  vehicles  represented  about  one- 
third  of  the  entire  exhibit,  or  an  equal  proportion  with  the  steam 
and  gasoline  machines.  The  sentiment  around  the  hall  was  that 
we  were  just  on  the  threshhold  of  expansion  of  the  electrical 
vehicle  industry  especially  in  the  line  of  commercial  convey- 
ances. The  problems  involved  in  this  branch  of  electrical  en- 
gineering are  different  from  almost  any  other,  with  the  possible 
exception  of  the  street  railway,  but  in  automobiles  we  have 
modern  street  railway  work  in  its  worse  form.  The  main 
trouble  with  electrical  vehicles  so  far  has  always  been  with  the 
storage  battery,  and  I  believe  we  can  say  that  the  greatest  line 
of  improvement  will  be  in  this  direction.  I  saw  a  statement  a 
few  years  ago  which  was  attributed  to  Mr.  Edison  as  a  remark 
made  concerning  the  storage  battery.  He  said,  "the  darn  thing 
is  wet. ' '  I  think  the  storage  battery  has  been  the  cause  of  much 
criticism  from  engine  people  who  unfortunately  are  not  familiar 
with  the  facts  and  willingly  unaware  of  the  number  of  failures 
with  gasoline  and  steam  machines.  The  engine  people  have 
tried  in  the  past  to  sell  their  machines  by  picking  out  the  flaws 
in  the  electric  type  and  have  succeeded.  The  steam  vehicle  I 
believe  is  only  a  temporary  affair  and  to  take  care  of  the  present 
desire  for  a  light  pleasure  vehicle.  My  own  judgment  is  that 
the  vehicle  industry  of  the  future  will  be  the  manufacture  of 
the  style  of  machine  Mr.  Maxim  speaks  about,  and  since  it  will 
consist  in  the  manufacture  of  vehicles  for  commercial  use,  it 
will  be  the  electric  automobile  since  it  has  too  many  good  points 
to  allow  its  weaker  ones  to  cast  it  aside.  It  is  quieter,  easier 
controlled,  less  apparent  danger,  no  heat,  odor,  or  vibration. 
These  are  the  points  which  appeal  to  the  purchaser.  Its  sim- 
plicity, efficiency,  reliability  and  flexibility  of  the  motor,  are 
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points  which  appeal  to  the  engineer.  In  the  endurance  run 
from  New  York  to  Buffalo  last  September,  we  had  a  pitiful 
exhibition  of  breakages  and  necessity  for  repairs  every  50  or 
75  miles.  There  were  no  electric  rigs  in  that  test,  but  in  look- 
ing over  the  data  of  the  run  I  am  sure  that  our  present  electric 
delivery  wagon  could  have  gone  through  that  test  if  it  had  been 
allowed  the  same  time  for  recharging  batteries  as  was  taken  by 
the  steam  and  gasoline  machines  in  breakdowns  and  stoppages 
for  repairs.  The  steam  people  in  many  cases  had  burned  out 
boilers  because  they  had  to  pay  so  much  attention  to  the  con- 
dition of  the  roads  that  they  could  not  properly  watch  the  steam 
gauges,  and  the  conditition  of  their  fires.  The  gasoline  people 
had  carburators,  sparking  devices  and  cooling  systems  to  at- 
tract their  attention.  With  the  standardization  of  apparatus, 
such  as  was  brought  about  in  the  perfection  of  the  electric 
railway,  we  may  expect  to  see  many  changes  in  vehicle  construc- 
tion— there  will  be  a  systematic  manufacture,  a  reduction  in 
cost  of  production  and  better  parts  made  by  specialists  rather 
than  ^<jack-of -all- trades,^'  making  a  complete  rig. 

Mb.  Engsthom — I  would  like  to  ask  a  question.  One  of  the 
speakers  has  mentioned  the  absence  of  odor  and  vibration  in 
the  electric  vehicle;  also,  that  it  makes  less  noise.  But  I  have 
noticed  this  difference.  I  do  not  know  why  it  is  and.  would 
like  to  have  it  explained.  The  electric  vehicle  seems  to  me 
very  cumbersome.  The  little  steam  and  gasoline  runabouts 
appeal  to  the  eye.  It  seems  to  me  they  are  more  graceful, 
light  and  dainty.  Now  is  it  necessary  to  have  the  electric 
machines  so  cumbersome  and  heavv  ? 

Mk.  Maxim — I  think  that  subject  has  more  weight  than 
anything  else.  [Laughter]  I  believe  you  will  find  that  the 
majority  of  people  think  that  the  vehicle  will  suit  them  best 
which  looks  best  on  the  outside.  Now  I  have  had  a  great  deal  of 
experience  with  express  people  and  other  purchasers,  and  every 
one  of  them,  without  a  single  exception,  say  exactly  what  you 
do.     But  what  is  really  desired  is  the  automobile  which  will 
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earn  the  most  money.  I  believe  the  lightest  automobile  in 
existence  to-day  is  an  electrical  one — taking  all  the  steam  and 
gasoline  machines  on  the  market  and  in  practical  operation  into 
consideration.  In  regard  to  the  steam  and  gasoline  automobiles 
an  illegitimate  amount  of  effort  is  being  made  to  make  them  sell. 
The  steam  vehicle  is  built  reg|irdless  of  future  requirements, 
regardless  of  how  satisfactory  it  would  do  regular  work.  It 
don't  take  a  man  very  long  after  a  steam  machine  has  been 
delivered  to  him  to  learn  that  it  has  been  built  to  sell.  I 
should  estimate  that  in  a  steam  carriage  90%  per  cent, 
of  its  good  qualities  you  see  the  first  time  you  look  at  it.  In 
the  gasoline  carriage  you  see  about  10%  of  its  good  qualities, 
but  you  find  the  others  when  you  get  it  home.  In  the  case  of 
the  electric  machine,  as  far  as  cumbersomness  goes,  it  has 
been  proven  by  several  makes  on  the  market  today  that  it  can 
be  made  the  most  graceful  of  any  form  of  vehicle.  Speaking 
again  of  the  pleasure  vehicle,  with  a  pleasure  automobileyou  have 
to  coax  people  to  buy.  I  would  be  very  sorry  indeed  to  be  in 
a  business  which  depended  upon  coaxing.  But  when  you  can 
produce  a  thing  which  is  better  and  which  will  enable  men  to 
earn  more  money,  or  better  meet  competition,  you  have  some- 
thing which  you  can  drive  him  to  buy.  When  you  are  making 
a  vehicle  which  simply  appeals  to  a  man's  idea  of  pleasure  for 
a  day  or  two  I  do  not  think  you  are  in  a  permanent  business. 

Mr.  Flannigan — Referring  to  the  flexibility  of  the 
motor,  I  judge  the  idea  is  worth  bringing  out  that  the  gasoline 
machine  is  more  liable  to  *'  lie  down  "  under  overload  than  is 
the  electric  machine.  For  instance,  suppose  it  comes  to  a 
grade  not  contemplated  when  starting  out,  it  would  be  more 
likely  to  stall  than  the  electric  vehicle. 

Mr.  Maxim — I  do  not  know  that  I  understand  exactly 
what  you  mean.  I  believe  Mr.  !Newman  made  the  statement 
that  the  electric  motor  was  more  flexible  than  any  other  form 
of  motor. 

Mr.    Flannigan — If  a  gasoline   automobile   is  moving 
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along  the  level  and  working  at  its  maximum  load,  would  it  not 
be  more  liable  to  stall  if  it  came  to  a  grade. 

Mr.  Maxim — Yes.  that  would  certainly  be  the  case.  But 
that  is  a  case  of  bad  design  which  would  apply  to  other  vehicles 
as  well.  If  a  machine  is  running  at  its  maximum  power  on 
the  level  when  comes  to  a  grade  something  is  bound  to  happen. 

Mr.  Flannigan — Yes,  but  in  the  ordinary  use  of  electric 
machines,  they  are  capable  of  developing  an  overload  for  a 
short  time. 

Mr.  Maxim — ^If  a  gasoline  automobile  stalls  on  a  light 
grade  it  is  because  it  is  away  below  the  engine  power  it  should 
have.  And  in  general  the  gasoline  automobile  is  away  behind 
in  engine  power.  In  developing  the  electric  machine  we  have 
the  experience  of  the  street  railway  art  to  work  on.  In 
designing  the  gasoline  machine  we  have  not  this  experience. 
A  gasoline  engine  may  be  designed,  however,  as  flexible  as  the 
steam  engine. 

The  President — We  have  with  us  this  evening  a  man 
who  has  just  consented  to  put  in  an  application  for  membership. 
He  is  said  to  be  well  up  in  the  automobile  business,  and  if  Mr. 
Reuben  Miller  will  favor  us  with  some  information  on  this 
subject  we  will  be  obliged. 

Mr.  Miller — I  consider  myself  at  a  great  disadvantage 
in  the  manner  of  my  introduction.  I  have  applied  for  member- 
ship, but  had  not  expected  to  say  anything  to-night,  and  can 
hardly  speak  to  advantage  on  automobiles  or  anything  else.  I 
have  had  the  pleasure  to-night  of  meeting  Mr.  Maxim  for  the 
first  time,  although  in  a  business  way  I  have  known  of  him  for 
a  good  many  years.  I  think  I  have  had  some  practical  exper- 
ience in  running  automobiles.  I  have  owned  two  of  different 
motive  power,  each  of  which  I  believe  Mr.  Maxim  to  be  respon- 
sible for.  One  of  them,  I  was  going  to  say,  I  pushed  home, 
but  I  didn't,  because  I  couldn't.  I  wanted  something  a  little 
stronger,  something  that  would  do  more  work.  I  wrote  to 
the  general  sales  agent  of  the  compary  where  the  machine 
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Tvas  made  to  take  up  this  question.     I  wrote   him   in   very 
glowing  terms  and  stated  that  it  was  the  best  machine  I  had 
ever  had.     This  was  a  short  while  ago  when  we  were  having 
zero  weather.     Mrs.  Miller  went  out  the  next  day  with  one  of 
the  machines  which  is  her  own  and  which  she  uses  all  the  time. 
The  machine  got  part  way  up  a  hill  and  then  seemed  to  go 
wrong.     It  appeared  willing  enough  to  go,  but  it  would  not 
go  straight  very  well.     It  was  a  double-motor  electric  equip- 
ment and  the  electrical  connection  of   one   motor   had   been 
broken.     Some  Italians  on  the  Boulevard  finally  had  to  turn 
the  machine  around.     It  was  only  two  or  three  days  after  this 
that   the  other  machine — which   is   a  gasoline  machine — was 
being   brought   to   town   late  in  the  afternoon.  Q     Something 
happened.    It  was  a  small  trouble.     A  small  piece  of  porcelain 
cracked  off  the  insulation  in  the  sparking  plug  and  became 
loose   inside  of   the   stuffing  box.     No   one   could   tell   what 
had  happened.     There  might  have  been  a  dozen  things  wrong 
with  it,   the  inlet  valve  might  not  have  seated  properly,  the 
electric  battery  might  have  worn  out,  something  might  have 
gone   wrong   with   the  induction   coil.      You  will  remember 
I  had  just  written  the  sales  agent,  telling  him  what  a  tip- top, 
capital  machine  it  was.     It  stopped  on  the  Boulevard  back  of 
the  Hospital  before  they  got  down  town,  and  we  had  to  get 
another  machine  to  haul  it  in.     In  the  meantime  much  dam- 
age had  been  done  by  the  natural  consequences  of  freezing. 
However,  I  am  ready  to  say  again  to  the  sales  agent  that  the 
machine  is  a  good  one.     But  my  experience  only  emphasizes 
the  fact  that,  you  cannot  know  too  much  about  automobiles,  es- 
pecially gasoline  automobiles.     As  long  as  they  operate  suc- 
cessfully they  are  all  right,  but  when  they  do  go  wrong  it  is 
frequently  difficult  to  locate  the  trouble  promptly.     When  they 
go  right  they  are  certainly  a  great  deal  of  pleasure.     I  believe 
with  Mr.  Maxim  that  the  field  of  business  is  the  ultimate  field 
for  the  automobile. 

The  automobile  is  similar  to  a  horse  in  many  respects.     I 
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have  been  asked  by  friends  what  kind  of  an  automobile  to  get. 
I  would  rather  be  excused  from  answering  a  question  like  that 
any  time  and  have  thought  that  the  best  reply  to  gire — if  the 
inquirer  happened  to  be  fond  of  horses — was  to  draw  the  com- 
parison, whether  he  was  fond  of  a  lively  horse,  or  a  fast  horse, 
or  a  horse  that  a  lady  could  drive,  which  ever  he  liked  best, 
that  was  the  kind  to  get. 

This  year  there  are  several  good  automobiles  on  the  mar- 
ket which  almost  anybody  can  run  with  the  mimimum  of 
trouble.  The  gasoline  automobile  is  being  developed  very  fast. 
The  electric  vehicle  has  not  developed  so  fast  because  I  believe 
that  it  has  about  reached  its  ultimate  development  outside  of  the 
storage  battery.  We  will  get  very  little  further  outside  of  de- 
velopment in  the  storage  battery  in  transmission  of  power  by 
the  electric  machine.  We  have  worked  the  electric  machine 
down  until  there  is  little  left  in  the  way  of  development.  In 
the  gasoline  arrangement  we  have  multiple  cylinders  so  placed 
as  to  reduce  vibration  to  the  minimum.  The  chief  draw-back 
to  the  gasoline  machine  from  a  pleasure  standpoint  is  that  its 
flexibility  depends  to  a  great  extent  on  changing  the  gears, 
that  is,  in  order  to  secure  variation  in  speed  and  power.  We 
can  change  the  speed  and  power  by  changing  the  point  of  igni- 
tion and  by  throttle.  Both  methods  are  used,  separately  in 
some  machines  and  together  in  others.  I  believe,  however, 
that  the  typography  of  the  country  and  the  better  condition  of 
the  roads  will  have  a  great  influence  in  the  development  of  the 
automobile;  and  where  these  conditions  are  favorable  the  elec- 
tric machine  has  a  big  field  before  it.  I  believe  that  the  con- 
dition of  the  roadbed  will  have  a  greater  weight  in  future  de- 
velopment thto  any  other  one  thing.  We  have  the  men,  we 
have  the  means,  and  we  have  the  demand  for  an  electric  auto- 
mobile, but  until  we  get  the  roads  for  them  to  run  over  we 
cannot  use  the  electric  vehicle  on  account  of  its  weight  per 
units  of  power.  We  must  either  have  the  good  roads  or  we 
must  get  a  storage  battery  of  lighter  weight  and  better  adapted 
for  continuous  service. 
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Mr.  Wadsworth — I  have  been  very  much  interested  in 
what  has  been  said  this  evening  and  simply  question  two  state- 
ments that  have  been  made,  one  by  Mr.  Maxim  and  the  other 
perhaps  by  Mr.  Newman.  Mr.  Maxim,  1  believe,  stated  that 
the  electric  automobile  was  the  lightest  in  the  market  to-day.  It 
seems  to  me  that  this  statement  is  a  little  too  comprehensive. 
Take  the  same  structure  and  frame  and  comparing  the  battery 
weight  and  the  rest  of  the  vehicle,  the  electric  slow-speed  motor 
vehicle  is  heavier — unit  3^r  unit — than  either  the  steam  or  gaso- 
line engines.  So  I  do  not  see  how  it  is  possible  for  an  electric 
automobile  of  a  given  power  to  be  lighter  than  either  the  gaso- 
line or  steam-driven  vehicle. 

Second,  the  statement  has  been  made  that  outside  of  elec- 
tricity, there  are  only  two  other  motive  powers  to  be  considered 
in  this  connection,  viz.,  the  steam  engine  and  the  motor  driven 
by  gasoline  or  explosion  engine.  That,  it  seems  to  me,  is  nar- 
rowing the  field  a  good  deal.  Two  other  motive  powers  might 
be  mentioned,  one  of  which  has  been  tried  on  street  cars,  viz. , 
compressed  air  and  carbolic  acid.  The  statement  has  also  been 
made  that  the  electric  machine  has  been  proven  the  most  relia- 
ble. In  connection  with  this  point  I  have  wondered  why  il  is 
that  so  far  no  electric  automobile  has  ever  been  entered  in  a 
race.  I  do  not  mean  to  say  at  all  that  the  vehicle  chosen  by  rac- 
ing men  should  be  taken  as  the  standard.  But  after  all  that 
vehicle  is  chosen  which  they  consider  most  reliable. 

Mr.  Maxim — I  heard  a  man  say  once  that  the  general 
public's  idea  of  the  different  kinds  of  automobiles  reminded  him 
of  fishing  for  trout  with  a  derrick.  Now  you  cannot  use  an  elec- 
tric automobile  for  racing  or  for  touring  over  the  country  any 
more  than  you  can  use  a  derrick  to  fish  for  trout.  It  is  not 
built  for  that  purpose.  Where  we  have  got  to  go  a  distance  in 
excess  of  the  practical  limitations  of  the  storage  battery  the  elec- 
tric machine  is  absolutely  helpless.  I  say  that  about  76%  of  the 
automobiles  that  will  be  used  to  earn  money  will  be  electric  be- 
cause the  distances  they  will  have  to  travel  before  they  come  to 
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a  place  where  they  can  be  recharged  are  easily  within  the 
limitations  of  the  storage  battery.  We  can  get  a  vehicle  that  will 
go  a  longer  distance  without  stopping,  at  a  higher  speed  by  us- 
ing the  gasoline  engine  for  the  motive  power.  Ninety  per  cent, 
of  the  racers  in  use  to-day  are  gasoline  machines.  We  almost 
never  hear  of  an  electric  automoble  in  a  race.  We  seldom  hear 
of  the  steam  machine  in  a  race,  because  of  the  large  consump- 
tion of  fuel  and  water. 

Now,  so  far  as  the  lightest  machine  is  concerned,  I  believe 
the  Baker  runabout  made  in  Cleveland  is  the  lightest  automobile 
built  for  pleasure  purposes  to-day.  It  weighs  760  pounds,  car- 
ries two  passengers,  its  advertised  mileage  is  40,  advertised 
speed  10  miles  per  hour.  So  far  as  I  know  this  is  the  lightest 
automobile  that  can  be  considered  practical  to-day.    . 

Mr.  Newman — I  believe  I  remarked  about  the  reliability 
of  the  electric  vehicle  and  also  spoke  of  the  flexibility  of  the 
motor.  In  this  connection  I  was  speaking  of  the  apparatus  in 
general  and  not  of  the  storage  battery.  Then  I  also  mentioned 
that  in  the  New  York-Buffalo  endurance  contest  I  was  quite 
sure  that  one  of  our  present  electric  delivery  wagons  could 
have  gone  over  that  500  miles  if  the  same  time  had  been 
spent  in.  recharging  the  vehicle  that  the  others  spent  in  repair- 
ing. The  record  of  the  test  with  the  time  spent  in  making 
repairs,  stoppages,  etc. ,  was  published  by  the  racing  committee, 
and  with  some  data  on  hand  in  regard  to  tests  with  delivery 
wagons,  we  figured  that  it  would  have  been  no  trouble  at  all  to 
have  gone  the  entire  distance  at  a  speed  of  11  miles  per  hour. 
As  far  as  reliabilty  goes  the  endurance  contest  gave  rise  to  a 
great  deal  of  discussion  as  to  whether  it  could  properly  be 
called  an  endurance  contest.  Some  makers  entered  two  or 
three  machines;  the  boiler  would  burn  out  on  one  of  them  and 
be  replaced  from  the  other  machine,  etc.,  etc.,  so  that  at  the  end 
of  the  route  it  was  hard  to'tell  what  machine  it  was,  bein^  com- 
posed of  the  parts  of  several.  Now  I  only  know  of  three  or 
four  rigs  that  went  through  the  test  without  any  repairs  what 
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ever,  I  believe  three  gasoline  machines.  One  was  a  French 
make.  They  went  through  that  test  and  got  '<A"  certificates 
which  meant  that  they  averaged  1 5  miles  per  hour  when  run- 
ing.  The  American  machines  did  not  make  any  pretence  at 
speed  like  the  French  machines.  That  just  shows  you  what 
rigs  went  throught  that  contest  could  be  called  perfectly  reli- 
able. And  on  that  score  I  think  the  electric  vehicle  is  more  re- 
liable because  you  would  simply  have  to  connect  up  to  a  110 
volt  main  every  fifty  miles. 

Mr.  Miller — Speaking  of  the  electric  automobile  never 
having  been  entered  in  a  race.  I  think  I  remember  there  was 
such  a  machine  entered  in  a  race  at  Long  Island  by  Mr.  Riker 
and  it  did  very  creditably.  I  believe  it  made  the  mile  in  either 
two  or  three  seconds  over  the  minute,  which  of  course  is  out  of 
all  reason  for  the  electric  machine  ordinarily  as  made  to-day. 
This  machine  was  especially  made  for  this  occasion,  and  was 
towed  to  the  starting  point  and  towed  away. 

Mk.  Newman — I  know  of  an  electric  vehicle  that  was  run 
in  a  race  in  Chicago.  It  was  a  double  motor  equipment  and 
geared  especially  high.  It  made  the  mile  in  a  little  more  than 
a  minute  on  that  track. 

Prof.  Kintner — In  reading  over  Mr.  Maxim's  paper  there 
was  one  point  in  connection  with  the  possible  field  for  cab  service 
that  struck  me  forcibly  and  that  was  to  provide  a  fare  between 
6  cents  and  $2.00.  I  happen  to  remember  some  data  of  a  test 
made  by  Mr.  Fliess  in  New  York  in  connection  with  some 
delivery  wagons  in  service  at  that  point,  lie  figured  that  it 
was  possible  lo  deliver  100  pounds  per  mile  for  6  conts,  and  on 
that  basis  it  seemed  to  me  possible  to  deliver  passengers  three 
or  four  miles  for  60  cents.  Included  in  this  6  cent  figure  is  the 
cost  of  power,  hire  of  driver,  etc. ,  etc. ,  and  depreciation.  There 
was  one  point  in  connection  with  that  cost  which  was  rather  in- 
teresting to  me  and  that  was  that  the  depreciation  and  wear  on 
the  batteries  amounted  to  more  than  the  cost  of  power  in  re- 
charging the  batteries.     The  total  cost  of  a  unit  of  this  size  per 
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<lay  was  $4. 87,  and  of  that  cost  41  cents  was  chargeable  to  charg- 
ing batteries  and  54  cents  was  due  to  depreciation  and  repairs 
on  storage  batteries,  and  31  cents  was  due  to  depreciation  of 
tires.  I  had  no  idea  that  the  depreciation  of  rubber  tires  and 
batteries  was  so  excessive  in  this  connection.  The  cost  of  travel- 
ing with  the  horse  system  he  found  to  be  about  $4.70  per  day 
in  comparison  with  $4. 87  per  day  for  the  electric  automobile. 
The  mileage  comes  in  here,  however,  and  while  the  horse  was 
found  to  average  about  15  miles  per  day,  the  electric  automo- 
bile with  one  charge  has  a  limit  of  power  which  would  give 
double  that  radius,  so  that  it  was  very  much  cheaper  with  the 
electric  vehicle  than  with  the  horse.  That  point  regarding  the 
possible  field  for  the  automobile  struck  me  as  most  interesting. 

The  President — We  have  with  us  to-night  a  member  who 
lias  had  considerable  experience  with  automobiles,  who  is  in  fact 
somewhat  of  a  crank  on  the  subject,  and  I  am  sure  we  would 
like  to  hear  from  Mr.  H.  P.  Davis. 

Mr.  Davis — Mr.  Scott  has  given  me  an  introduction  that 
I  fear  I  hardly  deserve.  My  experience  with  automobiles  has 
been  entirely  in  the  pleasure  line  and  1  cannot  undertake  to 
discuss  Mr.  Maxim's  very  able  paper.  However,  any  one  in- 
terested in  automobiles  is  always  ready  to  talk  about  them. 
About  two  years  ago  I  got  the  automobile  craze.  I  attended 
two  or  three  shows,  secured  all  the  catalogues  in  existence,  and 
tried  to  decide  what  automobile  to  get.  I  know  a  good  deal 
about  electricity — or  thought  I  did— so  I  cut  that  out  right  oflF. 
This  brought  the  question  down  to  steam  or  gasoline,  as  I  wanted 
to  do  a  good  deal  of  touring  I  bought  a  gasoline  machine.  After 
1  purchased  it  I  found  however  we  did  not  have  any  country 
roads  good  enough  to  travel  over  until  late  in  the  season.  1  had 
the  machine  a  whole  year  and  was  not  able  to  get  far  out  of 
Pittsburg  until  some  time  in  October.  My  gasoline  machine  for 
this  whole  year  did  not  cost  me  one  cent  for  repairs  and  I  never 
had  any  cause  to  get  out  and  get  underneath  it  on  the  road.  I 
sold  it  a  few  days  ago  and  to-day  I  received  a  letter  from  the 
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gentleman  who  purchased  it.  (Laughter)  Gentlemen,  the  con- 
tents of  this  letter  is  quite  different  from  what  you  think.  The 
gentleman  in  question  lives  in  California.  He  wrote  me  that 
the  machine  had  arrived  and  that  he  was  much  pleased  with  it 
and  has  temporarily  gone  out  of  business.  He  got  it  together 
and  I  believe  drove  it  from  San  Francisco  to  San  Jose.  The  only 
criticism  he  had  to  make  was  that  there  was  too  many  handles 
to  manipulate  and  he  talked  of  marrying  some  of  them  off.  I 
find  the  best  machine  for  pleasure  is  the  gasoline  machine  because 
you  can  take  it  out  and  go  any  distance  without  troubling  about 
your  supplies.  One  run  which  I  took  with  this  machine — which 
by  the  way  was  of  the  De  Dion  type,  a  French  machine,  but 
made  in  this  country,  was  one  Saturday  afternoon  late  in  October 
when  with  two  passengers,  averaging  150  pounds  each,  I  ran 
from  Pittsburg  to  Mercer  a  distance  of  about  70  miles.  We 
started  at  1  P.  M.  and  arrived  at  8  P.  M. ,  stopping  an  hour  in 
Butler.  The  run  from  Butler  to  Mercer  we  had  to  make  in  the 
dai'k  with  the  sand  on  the  road  six  or  eight  inches  deep.  We 
averaged  over  10  miles  per  hour  with  the  machine  and  did  not 
have  to  stop  or  get  out  except  to  light  the  lamps.  Coming  back 
I  had  one  passenger  and  the  machine  averaged  12  miles  per  hour. 
The  roads  between  here  and  Butler  are  nothing  to  brag  about. 
From  my  experience  I  can  thoroughly  recommend  the  gasoline 
machine  to  any  one  who  is  looking  for  a  reliable  pleasure  vehi- 
cle. For  ladies'  use,  however,  I  would  recommend  the 
electric. 

The  President — We  have  with  us  this  evening  a  newly 
elected  member  who  has  had  a  great  deal  to  do  with  one  phase 
of  automobile  work.  Mr.  Storer  has  designed  several  motors 
for  this  service. 

Mr.  Storer — I  have  been  very  much  interested  in  the  dis- 
cussion here  to-night,  but  do  not  know  that  I  can  add  anything 
to  it.  As  Mr.  Scott  has  said,  I  have  been  interested  in  automo- 
biles almost  entirely  from  the  standpoint  of  the  electric  motor, 
and  speaking  for  the  motor  1  can  say  without  any  doubt  that  the 
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electric  automobile  should  be  the  greatest  possible  success  and 
be  far  superior  to  any  other  kind.  The  electric  motor  is  cer- 
tainly more  flexible  than  any  other  form  that  can  be  designed 
What  we  have  got  to  look  out  for  to  make  the  electric  automo- 
bile take  the  lead  and  come  up  to  the  place  it  deserves  and  ought 
to  have  from  the  standpoint  of  the  motor,  both  for  commercial 
use  and  as  a  pleasure  vehicle,  is  to  get  the  right  kind  of  a  storage 
battery.  Personally  I  shall  never  be  satisfied  until  we  are  able 
to  take  a  can  of  gasoline,  or  some  other  light  fuel,  and  have  an 
apparatus  on  the  automobile  which  will  simply  turn  that  into 
electricity  which  can  be  used  for  driving  the  motor.  Now  why 
cannot  some  good  chemist  get  down  to  business  and  give  us  this. 
I  do  not  think  that  there  is  anything  else  that  would  be  worth 
more  money  than  such  an  apparatus  whether  it  is  chemical  or 
mechanical  provided  it  is  light,  cheap  and  reliable.  It  does 
seem  an  outrage  that  we  have  to  depend  upon  so  sensitive  an 
apparatus  as  a  storage  battery  to  carry  us  around — one  that  will 
simply  store  up  power  enough  to  run  a  machine  40  or  50  miles. 
I  think  the  fact  that  the  electric  automobile  is  a  success  at  all  is 
marvelous,  considering  that  handicap,  but  as  Mr.  Maxim  has 
pointed  out  it  certainly  is  the  machine  which  will  take  the 
lead,  even  with  that  draw-back,  in  probably  75  or  85  %  of  busi- 
ness service.  And  from  the  pleasure  standpoint  I  would  still 
choose  the  electric.  Not  being  sporty,  I  am  entirely  willing  to 
turn  on  the  juice  and  let  the  machine  do  the  running. 

The  President — Mr.  Storer  has  suggested  something  in 
the  line  of  batteries.  We  happen  to  have  a  young  man  with  us 
this  evening  who  is  engaged  along  this  line  and  he  may  be  able 
to  tell  us  something  of  interest  in  this  connection.  Mr.  Flanders 
what  have  you  to  say  ? 

Mk.  Flanders: — It  looks  as  if  the  storage  battery  had 
received  quite  a  black  eye  this  evening.  I  think  one  of  the 
reasons  why  the  storage  battery  is  apparently  the  cause  of  so 
much  trouble  is  that  it  is  a  new  adaptation  to  the  automobile  and 
as  applied  to  automobile  service  has  an  exceedingly  hard  task 
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set  before  it.  It  receives  tremendous  overloads,  due  to  inex- 
perienced handling,  lack  of  training,  lack  of  interest,  which, 
of  course,  does  it  great  injury.  It  is  also  much  abused  in  the 
matter  of  charging  and  that  is  really  the  most  frequent  trouble 
in  many  places.  As  an  example  of  the  severe  abuse  to  which 
the  storage  battery  is  often  subjected,  it  is  quite  a  frequent 
thing  for  people  to  take  a  storage  battery  out  and  completely 
exhaust  its  capacity.  If  a  person  had  a  good  horse  he  would 
not  think  of  applying  the  lash  after  the  horse  had  travelled  to 
its  limit  and  the  storage  battery  is  in  the  same  situation  as  the 
horse.  Until  it  is  better  understood  there  will  continue  to  be 
trouble  with  it. 

Then  another  reason  is  the  lack  of  proper  design  to  meet 
the  various  requirements  of  automobile  work.  When  this 
diflSculty  is  overcome  then  will  come  the  salvation  of  the  stor- 
age battery  that  is,  when  a  battery  is  designed  to  cover  given 
conditions  and  when  people  learn  not  to  exceed  the  limitations 
set.  Some  people  expect  electric  automobiles  to  do  all  sorts 
of  impossible  things  because  it  can  for  a  few  times,  give  a 
mileage  in  excess  of  its  rating,  but  not  without  injury.  The 
gasoline  machine  will  lie  down  absolutely  if  you  attempt  to 
overtax  its  power.  The  storage  battery,  as  1  have  said,  will 
do  its  work,  but  care  must  be  exercised  not  to  injure  it  or  you 
will  have  trouble  the  next  time  you  take  out  your  machine. 
What  we  want  is  a  good  battery  that  will  give  us  a  reasonable 
mileage,  and  that  will  be  fool  proof.  Judging  from  the  pro- 
gress made  in  the  past  and  the  number  of  patents  that  are  being 
taken  out  in  connection  with  storage  batteries,  this  point  of 
designing  batteries  for  specific  conditions  of  operation  is  receiv- 
ing much  attention  and  we  have  great  promise  that  in  the  near 
future  we  will  have  a  storage  battery  that  will  be  reasonably 
successful.  Beyond  a  certain  limited  mileage,  however,  it  is 
impossiBle  to  expect  anything  of  the  electric  automobile. 

Mr.  Lewis: — I  can  only  say  that  I  regret  very  much  that 
my  friend,  Shallenberger,  is  not  here  as  the  principal  part  of 
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this  disscussion  on  transportation  would  be  very  interesting  to 
him.  1  believe  he  is  the  man  who  described  the  boulevards  as 
being  adapted  to  the  uses  of  those  who  desire  individual  loco- 
motion in  congenial  companionship.  That  was  in  67  road 
report. 

The  President: — Those  old  members  are  always  ready 
on  the  road  question. 

Mb.  Hirsch: — I  think  I  have  seen  in  a  paper  somewhere  a 
description  of  a  system  of  locomotion  by  which  trolley  wires 
are  suspended  the  same  as  in  street  railway  work.  The  vehicle, 
however,  does  not  run  on  rails  but  is  simply  operated  from  the 
trolley  wires  above.  Probably  Mr.  Maxim  has  seen  such  a 
system  or  knows  something  about  it. 

Mr.  Maxim: — Such  a  system  is  in  use  in  some  places  in 
Europe  but  the  installations  are  not  many.  I  would  consider 
such  a  vehicle  more  nearly  a  street-car  than  an  automobile. 
They  are  limited  to  the  trolley  wires — the  same  thing  as  a 
track,  so  that  I  do  not  look  upon  it  as  an  automobile  vehicle. 

One  thing  I  would  like  to  speak  about  and  that  is  the 
* 'black  eye"  which  the  storage  battery  has  received.  As  I 
look  at  it  I  do  not  think  the  storage  battery  hardly  deserves 
that  black  eye.  I  think  the  trouble  with  the  batteries  has 
been  due  to  the  ignorance  of  the  users.  We  have  storage  bat- 
teries available  to-day  which  are  as  sound  and  reliable  a  piece 
of  apparatus  as  any  electrical  machine,  but  you  can  injure  them 
just  as  you  can  injure  any  piece  of  electrical  equipment.  It, 
however,  does  not  show  its  injury  at  once.  One  of  the  recent 
developments  is  a  device  to  provide  against  ignorance  in  the 
use  with  storage  batteries.  It  is  the  automatic  charging  out- 
fit which  limits  the  charge.  It  is  not  much  use  to  attempt  to 
make  storage  batteries  stronger  and  better  until  we  can  pro- 
vide for  their  proper  care.  I  think  if  the  storage  battery  pro- 
gresses no  further  than  it  is  to-day  we  will  have  a  very  good 
piece  of  apparatus.  The  automatic  charging  outfit  on  the 
market  to-day  is  one  of  the  means  which  will  enable  ignorant 
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people  to  take  up  the  electric  storage  battery  and  use  it  safely. 
Prof.  Kintner; — I  move  you  that  we  extend  a  vote  of 
thanks  to  Mr.  Maxim.     Motion  carried. 
Adjourned. 

Chas.  W.  Ridinoer, 

Secretary^ 
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CHEMICAL  SECTION. 

Pittsburgh,  Pa.,  March  20,  1902. 

The  regular  monthly  meeting  of  the  Chemical  Section  was 
held  in  the  rooms  of  the  Society,  the  Chairman,  Dr.  K.  F. 
Stahl,  presiding. 

The  minutes  of  last  meeting  were  read  and  approved. 

Mr.  McKenna  reported  for  the  programme  committee, 
papers  promised  for  subsequent  meetings. 

The  committee  on  Chemical  Literature  promised  extracts 
for  the  next  meeting.  Mr.  Camp  outlined  briefly  the  work 
before  the  Reception  Committee  in  preparing  for  the  meeting 
of  the  A.  S.  A.  S.  &  Ch.  S.  Suggestions  were  made  by  diff- 
erent members  of  the  section  as  to  ways  in  which  the  Chemical 
Section  could  assist  in  entertaining  the  visiting  members  of  the 
American  Chemical  Society. 

Professor  Phillips  reported  a  communication  from  Prof. 
Noyes,  Editor  of  the  Journal  of  the  American  Chemical  Society, 
suggesting  that  there  be  prepared  by  some  member  of  the 
Section  to  be  read  at  the  meeting  of  the  A.  S.  A.  S.  &  Ch.  S., 
a  paper  on  a  subject  involved  in  the  Chemistry  or  Metallurgy 
of  Iron  or  Steel.     No  action  taken. 

The  paper  of  the  evening,  by  Mr.  C.  E.  Manley,  fol- 
lowed. Subject,  *'Th6  Effect  of  Annealing  Shot  or  Chilled 
Iron  in  the  Determination  of  Phosphorous,  by  the  Permanga- 
nate-alkali method.^'  The  subject  was  briefly  discussed  by 
Messrs.  Walters,  McKenna,  Camp,  Mohr,  Leoffler  and  Kem« 
mery. 

The  Chairman  requested  that,  in  view  of  the  assertion  of 
Mr.  Manley,  that  nitric  acid  is  still  retained  by  the  yellow 
precipitate  of  ammonio  phosphomolybdate  after  drying  at  a 
temperature  of  100°  cent ,  the  subject  be  thoroughly  investi- 
gated by  the  Section,  and  named  Messrs.  Kemmery,  Leoffler 
and  Marshall  as  a  Special  Committee  to  report  thereon  at  the 
next  meeting. 

On  motion  the  Section  adjourned  at  10  p.  m. 

Chas.  H.  Rich, 

Secretary  C.  S. 
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THE  EFFECT  OF  ANNEALING  SHOT  OR  CHILLED 
IRON  IN  THE  DETERMINATION  OF  PHOS« 
PHORUS  BY  THE  PERMANGANATE  ALKALI 
METHOD. 

BY  CHAS.   E.   MANBY. 

It  is  somewhat  interesting  to  reflect  that  ten  years  have 
already  passed  since  the  writer  introduced  the  <*  Alkali  Method 
in  the  Determination  of  Phorphorus,*'  and  although  a  few 
modifications  have  presented  themselves,  yet  the  essential  part 
remains  ;  ^.  ^.,  titration  of  the  yellow-precipitate  with  alkali 
and  using  for  an  indicator  or  end  point  phenol-phtalein,  which 
produces  a  red  or  phenicine,  which  produces  a  blue  color  in 
excess  of  alkali. 

In  the  Proceedings  of  this  Society,  Vol.  9,  Part  6,  is  an 
article  by  Mr.  McKenna,  entitled,  ^'Some  Sources  of  Error  in 
Phosphorus  Determinations, ' '  proving,  with  the  most  exact 
figures,  that  oxidation  with  permanganate  gives  lower  results 
on  <^shot"  samples  than  by  evaporation  and  baking,  but  no 
remedy  for  this  evil,  at  that  time,  was  sought  for  ;  it  was  gen- 
erally accepted  as  inevitable,  and  so  it  rested  to  the  present 
day ;  and  now  we  have  hopes  that  we  can,  by  mere  annealing, 
obtain  the  desired  result.  When  a  chilled  sample  of  pig  metal 
is  dissolved  in  nitric  acid  there  remains  an  insoluble  residue 
holding  phosphorus  which  is  unacted  upon  by  the  oxidizing 
agents  at  the  boiling  point,  but  by  going  to  dryness  and  bak- 
ing to  destroy  all  nitrates,  ultimately  taking  up  with  hydro- 
chloric acid  we  obtain  all  the  phosphoric  acid  in  a  state  favorable 
to  the  precipitation  with  the  Molybdic  mixture. 

Annealing,  therefore,  changes  the  conditions  of  solubility, 
and  is  practiced  as  follows :  Place  two  grammes  of  the  sample 
in  a  platinum  crucible  over  a  Bunsen  flame  and  bring  to  a 
bright  red  heat  for  two  minutes,   occasionally  stirring  with  & 
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rod  ;  it  is  well  to  continue  the  flame  by  raising  the  Bunsen  to 
the  lid  of  the  crucible  and  at  the  same  time  point  the  flame 
downwards  against  the  lid,  which,  at  this  moment  is  removed, 
and  the  gas  flame  will  burn  on  the  surface  of  the  crucible  and 
thus  exclude  all  air  from  entering  or  causing  unnecessary  oxi- 
dation of  the  annealed  sample  at  the  moment  it  is  cooling  off. 

The  following  is  the  method  in  detail  of  analysis  : 

Transfer  the  annealed  sample  to  an  Erlenmeyer  Flask — 
capacity  600  c.c,  add  40  c.c.  hot  water,  then  16  c.c.  strong 
nitric  acid  and  when  the  violent  action  has  ceased  add  10  c.c. 
strong  hydrochloric  acid  and  allow  to  simmer  gently  on  the 
hot  plate  for  five  minutes,  then  add  10  c.c.  of  a  saturated  solu- 
tion of  permanganate  of  potash,  this  will  produce  a  brown  pre- 
cipitate of  manganese-oxide  which  gradually  re-dissolves  in 
the  hydrochloric  acid  already  added,  if  the  temperature  is 
maintained  near  the  boiling  point.  If  not  cleaned  up  within 
ten  minutes  add  a  few  more  drops  of  hydrychloric  acid  and 
sodium  nitrite  solution  (50  grammes  per  litre).  Remove 
from  the  plate,  dilute  slightly  and  filter  off  graphite. 

To  filtrate  add  20  c.c.  strong  ammonia  and  shake  ;  now 
add  18  c.c.  strong  nitric  acid  and  place  on  the  hot  plate  to 
clear  up  at  the  boiling  point ;  if  not  clear,  add  a  few  drops  of 
sodium  nitrite  solution,  remove  from  the  plate  and  cool  off 
between  90°  and  96°  C.  The  amount  of  solution  at  this  stage 
should  be  about  100  c.c,  for  if  too  concentrated,  then  the  pre- 
cipitate separates  too  quickly  and  gives  a  fine  precipitate 
troublesome  to  filter. 

This  point  of  proper  dilution  is  important  in  promoting  a 
granular  precipitate  which  settles  quickly  and  filters  rapidly. 

A  small  line  on  one  of  the  flasks  at  a  100  c.c.  mark  will 
be  a  suflScient  guide  to  level  up  by  when  running  many  de- 
terminations together.  As  previously  stated  90°  to  96°  C.  is 
the  best  temperature  at  which  to  add  the  70  c.c.  molybdicacid 
mixture.  It  is  not  necessary  to  use  the  thermometer  each  time, 
because  two  flasks  at  a  time  can  be  removed  from  the  plate 
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during  the  boil  and  by  shaking  off  the  live  steam  and  then 
adding  the  70  c.  c.  molybdic  mixture  the  results  are  perfectly 
uniform  and  give  results  which  do  not  vary  .001  per  cent, 
phorphorus.  After  the  molybdic-mixture  has  been  added, 
shake  a  few  times  at  intervals.  The  filtering  can  be  started 
in  ten  minutes  from  the  time  of  adding  the  precipitant,  wash 
twice  with  1  per  cent,  nitric  acid-wash-water,  then  with  a  2 
per  cent,  solution  of  sodiusi  nitrate  until  free  from  acid,  using 
for  an  indicator  a  solution  of  three  drops  standard  alkali  for 
litre  of  water  and  three  drops  phenolphtalein.  Use  a  small 
porcelain  crucible  filled  with  this  colored  indicator  and  allow 
a  few  drops  of  the  filtrate  to  fall  into  it,  which  will  maintain 
its  pink  color  if  sufficiently  washed  but  bleaches  immediately 
as  long  as  any  free  acid  remains  on  the  filter. 

In  practice  about  70  c.c.  of  wash- water  should  suffice. 
Remove  the  filter  and  place  in  an  eight  ounce  Erlenmeyer  flask 
provided  with  a  rubber  stopper,  now  pour  in  about  30  c.c. 
water  previously  sensitized  with  alkali  and  phenolphtalein, 
insert  the  rubber  stopper  and  shake  until  the  filter  proper 
breaks  up.  At  this  stage  the  solution  is  a  canary  yellow  ; 
then  run  in  from  a  burette  the  standard  alkali  until  the  yellow 
color  changes  to  red,  again  shake  and  add  a  few  drops,  of  a 
saturated  solution  of  phenolphtalein  in  alcohol,  and  which  is 
also  previously  sensitized  with  sufficient  alkali  to  produce  a 
ruby  red.  The  phosphorus  solution  will  now  assume  a  deep 
carmine  due  to  excess  of  alkali,  titrate  back  with  standard 
nitric  acid  until  the  pink  is  bleached  ;  lastly  add  alkali  to  the 
point  where  one  single  drop  restores  the  solution  to  a  light 
shade  of  pink.  If  pref  ered,  the  excess  of  alkali  may  be  added 
previous  to  the  30  c.c.  sensitized  water,  but  always  be  cautious 
to  have  an  excess  of  alkali  before  adding  the  strong  solution  of 
phenolphtalein  else  it  will  produce  an  off  color  of  a  greenish  tint 
due  to  part  reduction  of  molybdic  acid.  Now,  take  the  read- 
ings of  the  two  burettes  and  the  difference  gives  the  percent- 
age  of   phosphorus  when  divided   by  100.      The  following 
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results  are  given  as  a  comparison  with  the  different  methods  : 
By  '^gravimetric"  is  meant  the  regular  method,  i.  e.,  the 
sample  is  dissolved  in  nitric  acid  (1.20)  evaporated  in  dish  to 
dryness  and  baked,  taken  up  with  strong  hydrochloric  acid,  the 
excess  of  acid  evaporated  off  then  5  C.C.  strong  nitric  to  decom- 
pose any  excess  of  hydrochloric  acid — then  dilute  and  filter  off 
silica — the  filtrate  is  then  made  alkaline  with  20  C.C.  ammonia 
then  acidified  with  18  C.C.  strong  nitric — then  heated  up  to 
90°  C.  to  95  C.C.  and  Molybdic  acid  mixture  added  to  precipi- 
tate the  phosphorus.  Filter  on  a  tared  filter  with  2%  nitric 
acid — wash  till  free  from  iron — dry  between  blotters  and  place 
in  an  oven  to  dry  for  1  hour  at  125°  C. 

* 'Baked  and  Titrated"  means  the  sample  was  treated  in 
the  same  way  as  ''gravimetric"  as  far  as  going  to  dryness  and 
baking  and  preciptating — not  filtered  on  a  tared  filter,  but  finally 
washed  with  nitrate  of  soda- wash  and  then  titrated. 
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Id  the  course  of  these  experiments  the  writer  finds  there 
are  indications  with  samples  of  high  phosphorus  iron  with  two 
tenths  per  cent,  and  upwards  of  vaiiations  when  weighing  the 
yellow  precipitate  after  drying  at  100°  C.  and  these  results  are 
higher  than  those  by  titration.  See  No.  14  sample.  This,  the 
writer  attributes  to  the  presence  of  nitric  acid  held  in  the 
precipitate  when  washed  with  2%  nitric  acid  and  which  is  not 
removed  by  drying  at  100°  C. 

If  nitrate  of  soda  wash  water  is  used  for  a  final  wash  the. 
titration  shows  that  no  nitric  acid  remains.  In  making  up  the 
molybdic  solution  it  is  the  writer's  practice  to  purify  the  am- 
monical  solution  with  a  few  drops  of  bromine  and  filter  off  the 
impurities  after  which  it  is  poured  slowly  into  hot  1.20  nitric 
acid.  The  solution  assumes  a  yellow  tint  when  cold,  due  to  the 
excess  of  bromine,  and  it  has  the  advantage  of  preventing  free 
molybdic  acid  separating  out  at  a  temperature  of  90°-96°  C. 


JOHN    A.  BRASHEAR, 

SEVENTH    PRESIDENT   OF    THE   SOCIETV,    1889. 
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THIS  SOGIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  twenty-fourth  regular  monthly 
meeting  of  the  Engineers'  Society  of  Western  Pennsylvania 
was  held  in  the  lecture  room  of  the  Society's  house,  410  Penn 
avenue,  Pittsburg,  Pa.,  Tuesday  evening,  April  15,  1902,  at 
8:16  P.  M.,  with  the  President,  Mr.  Charles  F.  Scott,  in  the 
chair,  and  ninety-two  members  and  visitors  present. 

The  minutes  of  the  preceeding  meeting  were  read  and 
approved. 

The  Board  of  Direction  reported  that  the  new  Member- 
ship List  is  in  the  hands  of  the  printer,  and  that  any  member 
wishing  to  make  any  further  changes  in  his  address  or  busi- 
ness connection  should  send  same  in  at  once.  The  Board  also 
wishes  to  report  that  they  have  rented  the  Assembly  room  to 
the  Foundrymen's  Association,  for  the  first  Monday  in  each 
month. 

The  Constitution  which  had  been  prepared  by  a  former 
committee,  has  been  recast,  by  the  Board  of  Direction,  into 
By-Laws  conforming  to  the  Charter.  These  By-Laws  are 
now  presented  to  the  Society  by  the  Board,  who  recommend 
that  they  be  brought  before  the  Society  for  adoption  at  the 
May  meeting. 

The  Board  of  Direction  then  reported  the  names  of  thirty- 
four  applicants  for  membership  that  had  been  approved,  and 
would  be  voted  for  at  the  next  regular  meeting. 

The  President — In  the  report  of  the  Board  of  Direction 
there  is  one  point  which  ought  to  come  before  the  Society  for 
action.  The  Board  presented  to  the  Society  the  new  By-Laws 
and  asked  that  these  come  up  before  the  Society  at  the  May 
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meeting,  and  that  notice  be  given  that  the  By-Laws  will  come 
up  for  adoption  at  Jthat  meeting.  Announcement  to  that  effect 
will  be  made  to  the  members  in  the  May  Announcements. 
There  are  a  few  copies  of  the  By-Laws  which  will  be  in  the 
hands  of  the  Secretary,  and  may  be  consulted  by  any  one 
desirinsr  to  do  so. 

The  following  persons  were  then   balloted  for  and  duly 
elected  to  membership. 

NAME.  OCCUPATION  AND  ADDRE3S.  ENDORSED  BY. 

HOWARD  L.  BODWELL,     -     Engineer,  -         )  |.  ^H.^iyAdem>n. 

erican  Sheet  Si 
Pittsbuig,  Pa. 


Engineering  Department.  Am^can  Sheet  Steel  Co., 
Vandergrift  Building, 


SAMUEL  G.  BRIQEL,    Assistant  Engineer,    -  {xhSs!  H.  Pwk^ns. 


Westinghouse  Electric  <&  Manufacturing  Co., 
Pittsbuig,  Pa. 

CHAS.  H.  CLARK,    Structural  Draughtsman,      -      {r*^*.  Keraohan 

Jones  &  Laugblin's,  Pittsburg,  Pa. 
h.  3317  Bouquet  Street.,  Pittsburg,  Pa. 

WILLIAM  A.   DICK,  f  Chas.  F.  Scott, 

Designing  Electrical  Engineer,    \  Thos.  H.  Perkins. 

Westinghouse  Electric  &  Manufacturing  Co., 
Pittsburg,  Pa. 

PEARL  N.  JONES,        -      -        Engineer,       -       -        |  ^^"^    xh^^' 

Westinghouse  Electric  <&  Manufacturing  Co., 
Room  x07  Westinghouse  Building,  Pittsburg,  Pa. 

EMANUEL    KAUFMAN,  fj.  W.  Landis, 

President  and  Gteneral  Manager,     \  N.  C.  Wilson. 

Westmoreland  Steel  Co.,  Pittsburg,  Pa. 
h.  M22  Howe  Street,  Pittsburg,  Pa. 

WILLIAM  M.  KENNEDY,     -     -     President,     -     -        {xhos.'  R^d.'' 

Pittsburg  <&  W^estem  Railroad,  Pittsburg,  Pa. 
h24d  Broad  Street,  Sewickley,  Pa. 

RICHARD  KHUEN,  JR.,     -     Division  Engineer,     -     {e.  SweM^n! 

Pittsburg  Division,  American  Bridge  Co.,  Pittsburg,  Pa. 
h.  «>618  Ellsworth  Avenue,  Pittsburg,  Pa. 

HERMAN  LAUB,      -    -    -    Civil  Engineer,     -     -     -      {p.*  A.   L^nge. 

Lewis  Block.  Pittsburg,  Pa. 

HIRAM  P.  MAXIM,     -    -     -     Engineer,     -      -     -      {n^^p.  ^avl^^*' 

;,  Westinghouse  Electric  &  Mfg.  ( 
6201  Howe  Street,  Pittsburg,  Pa. 


Vehicle  Motor  Dep't,  Westinghouse  Electric  &  Mfg.  Co.,  Pittsburg,  Pa. 
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RUEBEN  MILLER,  Jb.  -  General  Superintendent,   -      |  q^  g*  ^1^*' 

Crucible  Steel  Company  of  America, 
h.  4917  Wallingford  Street,  Pitisbazg*  Pa. 

B.  A.  McKINNEY,       -      Purchasing  Agent,        -       {^.V^IderBon. 

American  Sheet  Steel  Co., 
Room  98  Vandergrift  Building,  Pittsburg,  Fa. 

EDWIN  M.  OLIN,    -    -    Electrical  Engineer,     -     -     {chas*  F.^U^^' 

Dynamo  Testing  Dep't,  Westlnghouse  Electric  &  Mfg.  Co.,  Plttftburg,  Pa. 
h.  1112  Centre  Street,  WiUcinsburg,  Pa. 

JOSEPH  M.  SEARLE.      -      -      Manager.     -     .      {g:^"fej^,. 

General  Engineering  &  Construction  Co.,  Pittsburg,  Pa. 
h.  826  Fourth  Avenue,  Pittsburg,  Pa. 

WM.  MacG.  8HIRAS,       -       -       Manager,       -       -        {^S.Si' 

United  States  Steel  Corporation,  Pittsbuzg.  Pa. 
b.  716  College  Avenue,  B.  £.,  Pituburg,  Pa. 

FRANK  H.  TAYLOR,    -    Second  Vice-President,    -     {  p^a " iLnge^*'^' 

Westlnghouse  Electric  <&  Manufacturing  Co.,  Pittsburg,  Pa. 
h.  7422  Peun  Avenue,  Pittsburg,  Pa. 

WILLIAM  T.  WALLACE,  f  Geo.  S.  Davison, 

Principal  Assistant  Engineer,  \  E.  Swensson. 

612  Smithfleld  Stieet,  Pittsburg,  Pa. 

HENRY  H.  WE9TINGH0USE,    -    Vice-President,     -{^M.^Hct^*" 

Westlnghouse  Air  Brake  Co.,  Pittsburg.  Pa. 

The  President — Mr.  Albree  has  an  annouDcement  which 
he  will  DOW  make. 

Mr.  Albrke — ^The  papers  this  evening,  as  you  know,  deal 
with  the  application  of  the  electric  motor  to  modern  work, 
and  among  them  is  one  by  Mr.  Wales,  touching  such  applica- 
tions out  in  the  Homestead  Steel  Works.     Thinking  that  an 

* 

excursion  to  these  works  would  be  of  very  great  interest  to  all 
the  members,  the  Reception  Committee  got  permission  from 
the  authorities  of  the  Carnegie  Steel  Company  for  the  mem- 
bera  to  go  through  the  Homestead  Steel  works,  Tuesday 
evening,  April  22nd.  Arrangements  will  be  made  to  have 
special  electric  cars  to  run  to  Homestead,  and  a  notice  of  the 
arrangements  will  be  mailed  to  all  members  within  a  few  days. 
The  President — ^The  subject  this  evening  is  the  "  Elec- 
tric Motor  in  Industrial  Establishments";  a  subject  which  at 
the  time  this  Society    was  founded   twenty-two  years  ago. 
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would  have  been  a  topic  on  which  little  or  nothing  could  have 
been  said.  But  it  is  a  subject  which  has  come  to  very  great 
prominence  in  modern  industrial  establishments  where  power 
is  used  and  distributed,  and  the  use  of  power  is  really  the 
great  vital  element  in*  the  work  which  is  to  be  done.  We 
know  in  a  general  way  the  steam  engine  is  the  basis  of  our 
modern  work,  but  the  more  closely  one  will  study  into  the 
methods  of  manufacture  the  more  will  he  be  impressed  with 
the  fact  that  our  modern  plants  are  simply  means  by  which 
mechanical  power  is  used  and  directed  by  men.  Men  are  no 
longer  the  workers,  they  are  the  directors  of  power  which  is 
protluced  in  larger  quantities  than  is  possible  to  develop  with 
mere  human  muscle.  And  as  manufacturing  develops  it  is  the 
method  of  applying  the  power  which  is  one  of  the  most  im- 
portant elements  and  is  worthy  of  the  most  careful  study  and 
consideration.  The  method  of  applying  power  developed  in 
large  units  to  meet  the  varied  requirements  of  separate  and 
individual  machines,  some  requiring  constant  power  and  con- 
stant speed;  others  intermittant  power,  and  others  varied 
speed,  is  a  very  difScult  problem.  But  there  is  no  method  of 
general  distribution  of  power  which  is  comparable  in  flexi- 
bility, efficiency,  and  general  eflfectiveness  with  electrical  dis- 
tributioik  The  fact  that  the  electric  motor  and  electric  power 
distribution  have  become  prominent  and  so  indispensable  in  the 
growth  of  the  last  decade  lies  in  this  fact.  The  steam  engine 
and  the  water  wheel  are  old,  and  machinery  is  old.  Elec- 
tricity comes  in  as  a  link  between  the  source  of  power  and  the 
machine,  and,  being  a  flexible  and  efficient  link,  fills  a  long 
felt  want.  The  motor  has  come  into  the  field  quickly  because 
conditions  were  ready  for  it ;  and  it  has  come  to  be  a  very  im- 
portant factor  in  our  modern  work.  The  classes  of  motors 
in  commercial  work  are  but  few.  The  kinds  of  motors  pos- 
sible and  the  different  sorts  of  electric  systems  possible  are  al- 
most legion,  but  practice  has  brought  about  a  few  simple 
standards.     One  is  tjie  direct  current  motor  for  mill  work,  al- 
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most  UDiversally  used  at  220  to  250  volts.  Sometimes  500 
volts  is  used  but  for  mill  work  and  ordinary  industrial  plants 
250  volts  is  the  standard.  Again,  there  is  the  alternating  cur- 
rent induction  motor — either  two  or  three  phase^which  is 
simpler  in  construction  and  which  has  different  electrical  char- 
acterics  as  to  its  speed,  torque,  etc.  This  form  of  motor  has 
become  very  widely  used.  Both  of  these  motors  have  their 
own  characteristics,  fitting  them  the  better  for  particular  kinds 
of  work,  and  both  are  employed  to  a  large  extent.  In  general, 
each  can  do  work  which  the  other  can  do,  and  there  are  con- 
tentions here  and  there  as  to  which  is  most  suited  for  particu- 
lar cases,  but  whatever  may  be  the  advantages  which  each  pos- 
sess, both  are  doing  good  and  satisfactory  work.  The  plants 
to  be  described  this  evening  employ  both  classes  of  motors. 
The  first  paper  is  by  Mr.  S.  S.  Wales.  Mr.  Wales  has  had 
considerable  experience  with  this  kind  of  work.  He  was  with 
the  Ohio  Sieel  Company  at  Youngstown  for  a  number  of  years, 
and  I  remember  that  Mr.  Wales  told  me,  while  still  at  Youngs- 
town four  or  five  years  ago,  that  although  they  did  not  have  as 
many  motors  as  were  used  elsewhere,  yet  there  was  not  an- 
other steel  works  which  depended  so  much  on  its  motor  drives 
as  that  of  the  Ohio  Steel  Company.  He  is  now  connected 
with  the  electrical  department  of  the  Homestead  Steel  Works. 
Mr.  Walks — Regarding  the  National  Steel  Company — as 
it  is  now — at  Youngstown,  Ohio,  we  had  there  motors  from 
beginning  to  end.  The  stopping  of  any  one  motor  would  shut 
down  the  converting  mill.  The  stopping  of  a  motor  was  like 
dropping  a  link  out  of  a  chain.  And  yet,  depending  on  mo- 
tors as  much  as  we  did,  and  motors  not  being  developed  as 
they  are  to-day,  that  is,  not  as  reliable  as  they  are  to-day,  we 
were  able  to  run  up  to  probably  14:,  000  tons  per  day  in  a  mill 
built  for  a  thousand  tons.  In  working  up  this  paper  I  have, 
of  course,  assumed  that  every  one  here  is  more  familiar 
with  Westinghouse  apparatus,  although  I  will  say,  with  Mr. 
Scott's  permission,  that  there  are  other  good  motors. 
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THE  ELECTRIC  MOTOR  IN  MILL  WORK. 

MR.  S.  a  WALES. 

It  is  not  quite  ten  years  since  the  first  systematic  attempt 
was  made  to  utilize  the  electric  motor  in  rolling  mill  work,  yet 
it  has  almost  entirely  superseded  the  small  hoisting  engine  in 
many  places,  aud  has  rendered  some  classes  of  work  possibly, 
which  if  accomplished  by  steam  would  require  an  out-fit  so 
cumbersome  as  to  be  almost  prohititory.  One  of  the  most 
notable  applications  of  electric  motors,  and  one  which  has  been 
revolutionary  in  mill  work  is  the  over-head  traveling  crane 
which  is  used  over  stock  track  for  handling  raw  material,  pour- 
ing steel,  for  handling  ingots  to  and  from  the  heating  pits  and 
for  sorting  and  loading  cars  for  shipment.  To  do  without 
this  crane  would  be  a  hardship,  and  to  replace  the.  motor  by 
steam  engine,  rope  drive  or  square  shaft  would  be  almost  out 
of  the  question. 

The  next  in  importance  and  iD  reality  a  brother  of  the 
crane  is  the  horizontal  charging  machine  which  is  used  in  charg- 
ing open-hearth  furnaces,  and  in  handling  large  slabs  and 
blooms  to  and  from  the  horizontal  heating  furnaces. 

Another  large  field  of  application  is  on  the  roller-table, 
which  is  such  a  typical  piece  of  machinery  in  mill  wotk.  • 
Here  the  adaptability  of  the  motor  depends  not  so  much  on 
its  lightness  as  on  the  absence  of  long  steam  pipes  which  act 
as  condetisers,  and  the  complication  of  reversing  levers.  The 
screws  on  bloom,  slab  and  plate  mills  are  now  largely  driven  by 
motors,  and  in  up-to-date  boiler  plants,  using  mechanical 
stokers,  the  coal  is  carried  to  storage  by  motor-driven  con- 
veyors, from  these  delivered  to  boilers  by  motor-driven  coal- 
handling  machines  and  finally  the  ashes  are  loaded  into  cars  by. 
mall  motor-driven  skip-hoists. 
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So  it  will  be  seen  that  at  this  time  electric  power  has  edged 
its  way  into  all  branches  of  the  steel  business.  As  an  example 
let  us  look  at  the  latest  steel-producing  and  roll  plantd  of  the 
Carnegie  Steel  Company.  The  steel  scrap,  in  broad  gauge 
cars,  is  placed  within  reach  of  five- ton  electric  stock  cranes 
which  handle  the  material  into  charging  boxes  and  place  them 
on  narrow  gauge  cars.  These  are  taken  to  the  furnaces  and  the 
material  charged  by  electric  charging  machines  and  required 
amount  of  iron  is  charged,  in  the  molten  form,  by  over-head 
ladle  cranes.  The  finished  steel  is  carried  by  large  over-head 
ladle  cranes  to  the  pouring  platforms  where  it  is  tapped  into 
the  ingot  molds.  After  being  stripped  the  ingots  will  go,  let 
us  say,  to  the  slabbing  mill  where  they  will  be  charged  in  the 
heating-pits  by  vertical  electric  charging  cranes,  and  are  carried 
by  them  to  the  rolls  when  heated.  The  ingots  now  pass  through 
the  rolls  which  are  adjusted  by  electric-driven  screws,  and  from 
there  through  the  shears,  the  slabs  being  handled  by  electric 
crane.  They  now  go  to  the  plate  mill  where  they  are  charged 
and  drawn  by  horizontal  electric  charging  machines  and 
delivered  by  electric-driven  roller-tables  to  the  mill  rolls  which 
are  adjusted  by  motor- driven  screws.  From  the  rolls  the  plate  is 
carried  by  motor-driven  tables  tathe  cooling  and  straightening 
beds,  and  after  being  sheared  to  size  is  loaded  for  shipment  by 
over-head -electric  cranes.  All  this  sounds  very  smooth  and 
quiet,  but  it  is  in  reality  attended  with — a  certain  amount  of 
trouble  and  delay  caused  by  rough  usage  of  machinery,  too 
small  motors,  chronic  neglect  to  oil,  or  a  roller  bearing  so  tight 
as  to  form  a  brake  and  occasionally  a  key-way  in  the  line  shaft 
babbited  into  a  bearing  during  Sunday  repairs. 

All  the  things  a  motor  will  do,  or  can  be  subjected  to 
without  material  damage,  and  why,  is  for  the  future  to  decide. 
'I  have  seen  motors  do  good  work  surrounded  by  the  most 
ideal  conditions,  and  have  also  seen  them  give  endless  trouble 
in  apparently  the  same  conditions.  I  have  seen  motors  work 
under   conditions   which    were   diametrically   opposed  to  the 
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theory  of  their  construction  and  operation.  I  have  to-da^  two 
fifty  horse  power,  four  five  horse  power  and  two  three  and  a 
half  horse  power  series  motors,  direct  connected  to  screw, 
which  are  brought  to  a  stop  by  being  driven  against  an  ingots 
and  although  they  have  no  other  protection  than  a  controller, 
which  is  operated  by  hand,  they  give  little^trouble  and  are 
seldom  if  ever  burnt  out. 

The  Electric  Motor  is  the  most  conscientious  machine 
ever  designed.  This  trait  alone  has  laid  it  open  to  much 
abuse,  with  the  result  that  many  of  the  effects  of  over-work 
have  been  charged  against  it  as  constitutional  defects. 

A  motor  is  constructed  with  the  intention  that  the  arma- 
ture  shall  turn,  and  if  properly  connected,  turn  it  will  or 
wreck  itself  in  the  attempt.  Granting  that  it  can  turn  with 
the  load  it  is  given  to  carry  it  will  continue  to  do  the  best  it 
can  until  almost  burned  up.  The  fact  that  a  motor  will  run  even 
with  an  injurious  over-load,  coupled  with  a  general  miscon- 
ception of  the  meaning  of  the  manufacturer's  rating  has 
resulted  in  the  general  application  of  motors  much  too  small 
for  their  work,  and  this,  too,  by  engineers  who  would  never 
think  of  falling  into  the  same  error  with  the  steam  engine. 
Further,  firms  which  build  motor-driven  machinery,  on  ac- 
count of  close  competition,  almost  uniformly  under-estimate 
the  size  of  motor  required  for  the  work,  although  their  calcu- 
lations of  actual  power  required  may  be  perfectly  correct. 
The  motor  specified  will  certainly  do  the  work  at  the  accept- 
ance test  of  the  machine  but  may  break  down  in  less  than  two 
weeks  of  factory  operation,  by  which  time  the  machine  is 
probably  paid  for  and  it  lies  entirely  with  the  purchaser  to 
keep  up  the  constant  repairs  required,  or  to  make  such  changes 
as  are  necessary  to  adapt  the  next  larger  size  motor  to  the 
machine.  Wherever  this  state  of  affairs  exists  the  latter  course 
should  be  followed  if  possible,  as  the  constant  replacing  of 
burnt-out  armatures  and  fields  soon  eats  up  the  cost  of  the  lar- 
ger machine,  in  addition  to  loss  in  time  and  unreliable  service. 
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The  surest  way  to  avoid  this  difficulty  in  most  cases  is 
for  the  the  electrical  engineer  in  charge  of  the  work  to 
specify  the  type  and  minimum  capacity  of  each  motor  that  he 
will  accept,  thus  freeing  this  vital  part  of  the  machine  from 
the  competitive  reduction  in  size  to  which  it  would  otherwise 
be  subjected. 

Motors  for  mill  use  may  be  of  any  or  every  type  built, 
but  in  any  case  it  is  probable  that  no  single  type  would  cover 
the  ground  satisfactorily  under  all  conditions.  All  have  their 
able  advocates  whose  reasoning  is  very  convincing  to  others, 
and  perfectly  satisfactory  to  themselves.  At  the  present 
time  no  motor  has  had  such  diversified  application  in  this  line 
as  the  Standard  Street  Railway  Series  Motor;  its  claim  for 
recognition  being  the  powerful  starting  effort,  its  complete 
mechanical  protection  fi'om  external  damage,  and  the  fact  that 
it  is  a  standard  article  turned  out  in  large  numbers  from  the 
electric  companies  and  therefore  can  be  obtained  on  short 
notice.  Its  drawbacks  are  its  high  speed  at  very  light  loads 
and  its  lack  of  ventilation.  The  writer  is  inclined  to  favor 
this  type  for  a  large  proportion  of  mill  work,  though  not 
averse  to  the  open-type  series,  shunt  or  compound- wound 
motor,  for  driving  certain  classes  of  machinery  for  which 
they  are  especially  well  fitted.  The  open  type  has  the  advant- 
age of  easy  access  for  inspection  or  cleaning,  but  it  offers  no  pro- 
tection from  foreign  substances,  small  pieces  of  iron,  crow- 
bars, etc.,  which  are  very  likely  to  come  within  its  field  of 
attraction  during  ordinary  mill  operation. 

In  the  earlier  days  of  electric  power  development  a  great 
deal  of  reluctance  was  shown  by  the  manufacturers  of  electrical 
apparatus  in  regard  to  giving  detail  of  performance  of  their 
motors  to  the  prospective  user.  This  led  to  series  motors  be- 
ing applied  to  work  at  their  nominal  rating  as  to  output  and 
speed,  which  would  uniformly  result  in  over-load,  or  if  the  at- 
tempt was  made  to  reduce  the  load  by  increasing  the  size  of 
motors,  the  speed  of  operation  would  be  much  higher  than  the 
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figures  showed.  At  the  present  time  there  is  no  difficulty  in 
obtaining  complete  characteristics  of  any  standard  motor  on 
the  market,  so  that  sizes  can  be  specified  and  results  predicted 
with  a  fair  degree  of  certainty. 

I  will  endeavor  to  show  some  easy  methods  of  determin- 
ing the  proper  size  of  motor  for  such  work  as  is  ordinarily 
met  with  in  mill  use,  such  as  cranes  and  tables,  not  claiming 
absolute  accuracy,  but  feeling  that  by  following  along  these 
lines  the  user  will  be  on  the  safe  side,  although  he  will  often 
be  told  he  has  figured  too  high. 

As  in  a  general  crane  specification  the  actual  weights  of 
material  and  gear  reduction,  etc.,  are  not  known,  some  arbi- 
trary assumptions  will  have  to  be  made  and  some  empirical  for- 
mula will  be  used,  but  as  bolh  are  founded  on  facts  and  exper- 
ience some  reliance  may  be  i)laced  in  them. 

An  electric  crane  is  divided  into  three  general  parts — 
bridge,  trolley  and  hoist,  each  of  which  has  its  own  motor  and 
controlling  system,  and  each  subjected  to  different  conditions 
of  work. 

For  the  bridge  where  the  ratio  of  axle  bearings  to  diameter 
of  wheel  is  between  one  to  five  and  one  to  six,  the  following 
table  will  answer  our  purpose  for  weights  and  traction  for 
different  spans. 

Let  L= working  load  of  crane  in  tons. 
W= weight  of  bridge  alone  in  tons. 
w=weight  of  trolley  alone  in  tons. 
S=speed  in  feet  per  minute. 
P=p(»unds  per  ton  required. 
Span  W—  P. 

26  ft  .       .3L  30  lbs. 

50  ft.  .6L  36  lbs. 

75  ft.  1.   L  40  lbs. 

100  ft.  1.5L  45  lbs. 

For  the  trolley  we  would  assume  the  weight  and  traction 
as  shown  in  the  following  table: 


w. 

P. 

.3L 

30  lbs. 

.4L 

35  lbs. 

.5L 

40  lbs. 

id     for 

bridge     will 
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L. 

1  to    25  tons. 

25  <«     75     <« 

75  «'   150     *' 

Now     the     power     required     for     bridge     will     be 

(L  +  W  +  w  )   X  P  X  S        „   ^         ...  ,^      ...    , 

^ S7r-?d7 =  H.  P.     which    result    will    be 

33,000 

used  in  connection  with  the  motor  characteristic  to  determine 
the  gear  reduction  from  motor  to  track  wheel.  As  the  nom- 
inal H.  P.  rating  of  a  series  motor  is  based  on  an  hour's  run 
with  a  rise  of  75°  C.  above  the  surrounding  air  and  as 
conditions  of  bad  track,  bad  bearings  or  poor  alignment  of 
track  wheels  may  be  met  with — in  factory  operation  1^  times 
the  above  result  should  be  taken  as  the  proper  size  motor  for 
the  bridge. 

For  the  trolley  the  power  required  would  be — 

-i — — J— =H.  P.    which  will    be  used  for  speed 

33,000  ^ 

and  gear  reductions,  but  li  times  this  should  be  used  for  size 

of  motor. 

For  hoist  work  we  cannot  have  so  large  margin  of  power, 
as  the  variation  from  full  load  to  no  load  may  imply  a  possible 
dangerous  increase  of  speed,  and  unless  the  crane  is  to  be  sub- 
jected to  its  maximum  load  continuously  or  is  to  be  worked 
where  the  temperature  of  the  surrounding  air  will  be  high,  it 
is  safe  to  use  the  size  by  assuming  1  H.  P.  per  10  ft.  ton  per 
minute  of  hoisting.  This  is  nearly  equal  to  assuming  the 
useful  work  done  as  60  per  cent,  of  the  power  consumed. 

As  an  illustration,  let  us  take  a  crane  of  50-ton  capacity, 
lifting  speed  of  hoist  fifteen  ft.  par  min.  Bridge  to  be  70 
ft.  span  and  to  run  200  ft.  per  min.  with  load.  Trolley  to 
travel  100  ft.  per  min.  with  full  load.  On  the  foregoing  as- 
sumption the  bridge  would  weigh  50  tons  and  require  40  lbs. 
per  ton  for  traction,  and  the  trolley  would  weigh  20  tons,  and 
require  35  lbs.  per  ton  for  traction. 
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The  power  for  the  bridge  would  be 

120  X  40  X  200     ^^   „     o  ,    .,        .  ,        . , 

=29  H.   r.    and   the  size   motor   It 

33,000 

times  this  would  give  43^  H.  P.  or  50  H.  P.  this  being  the 
nearest  standard  size,  and  the  specification  should  read  not  less 

than  50  H.  P.  motor  to  be  used  for  bridge  travel.  (See  Fig. 
No.  1.) 

Assuming  Westinghouse  motors  to  be  used,  as  they  are 
more  commonly  known  in  this  district,  this  would  call  for  a 
No.  38 — 50  H.  P.  railway  motor.  By  referring  to  character- 
istic sheet  for  this  type  (see  Fig  No.  2,)  we  find  that  at  29  H. 
P.  this  armature  will  run  612  R.  P.  M.,  which,  when  the  dia.  of 
the  track  wheel  is  known,  will  give  the  gear  reduction  needed. 

Similarly  the  trolley  will  require — - — — — =7.43H.P. 

and  the  size  motor  required  will  IJ  times  this,  or  8.28  H.  P.  or 

10  H.  P.       Dust-proof   as   the   next   standard   size  and  the 

specification  would  read  not  less  than  a  10  H.  P.  motor  to  be 

used.     The  characteristic  of  a  Westinghouse  10  H.  P.  motor 

shows  that  the  armature  will  run  820  R.  P.  M.  at  7.43  H.  P. 

50  X  15 
The  hoist  would  require  — —  =  75  H.  P.  and  would  be 

specified  not  less  than  75  H.  P.  motor  to  be  used  on  the  hoist. 
The  next  standard  size  Westinghouse  motor  suitable  for  crane 
service  is  the  No.  76  rated  at  80  H.  P.  at  220  volts  and  the 
armature  speed  at  75  H.  P.  is  shown  on  the  characteristic  (see 
Fig.  No.  3,)  to  be  460  B.  P.  M.  The  required  power  will  of 
course  be  modified  by  the  requirements  of  special  cases,  the  use 
of  rope  or  chain,  whether  the  reduction  is  made  mostly  in  the 
chain  or  in  the  gearing,  etc.,  but  still  they  will  give  reliable 
results  to  the  user. 

The  power  required  by  roller  tables  in  mill  work  varies 
greatly  as  they  are  subjected  to  the  '^tight  bearings"  and  lack 
of  oil  to  a  greater  extent  than  electric  cranes,  and  as  there  will 


PAPER  BY  MR.  S.   S.  WALES.  149 

be  from  2^  to  3  bearings  to  each  roller  and  many  rollers  per 
table,  these  chances  for  trouble  are  greatly  multiplied. 

For  the  average  conditions  of  mill  tables  where  each  roller 
is  driven  by  a  miter  gear  from  a  common  line  shaft  and  with 
usual  mill  lubrication,  the  following  empirical  formula  derived 
from  the  test  of  twenty  tables  represent  about  the  power  re- 
quired: 

WX  D  X  S  X  N  ^  jj     p 
¥60,000 

Where  W  =  weight  of  roller  in  pounds,  the  load  to  be 
carried  on  table  being  considered  as  uniformly  distributed  over 
all  rollers,  1-N  to  each. 

D=dia.  of  bearings  in  inches. 
S=Speed  of  table  in  R.  P.  M.  of  rollers. 
N=Number  of  rollers  in  table. 

The  same  1^  times  power  required  for  size  of  motors 
should  be  taken  as  for  crane  bridges. 

This  takes  no  account  of  diameter  of  roller  used,  which 
would  of  course  have  some  effect  on  the  power  required  to  move 
the  load  to  be  handled,  and  would  also  show  some  fly-wheel  effect 
when  starting,  but  still  it  will  check  fairly  well  with  tables  now 
in  use  under  existing  conditions,  two  examples  of  which  are 

given  here: 

N  =  18. 

W  =  1600  lbs. 
D  =  4^  inches. 
8  =  200,  R.  P.  M. 
Diameter  of  roller  10  inches. 

1600  X  4i  X  200  X  18  ^    -      „    p 
950^001)  '        '     ' 

From  actual  test  under  working  conditions  this  table  required 
28.8  H.  P.  or  the  nearest  Westinghouse  motor  being  No.  38 — 
50  H.  P.,  this  type  should  be  used.  The  characteristic  of  the 
No.  38  at  87.2  H.  P.  shows  an  armature  speed  of  632  R.  P.  M., 
which  would  show  a  reduction  of  about  3.2  to  1  from  armature 
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Fig.  No.  1. 
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to  roller.     As  a  matter  of  fact  this  table  is  equipped  with  a  80 

H.  P.  motor  and  is  the  source  of  continual  annoyance  from 

over-load. 

N-=16. 

W=1000  lbs. 

D=3  inches. 

S=110  R.  P.  M. 

1,000  X  3  X  115  X  16       .  o  rr    n 

^^^  ^^^ =^o.o  U.  r. 

950,000 

By  actual  test  5.5  H.  P.  was  required. 

As  mill  operators  become  more  familiar  with — proper 
handling  of  motors,  and  engineers  become  more  liberal  in 
specifying  sizes,  the  electric  motor  is  destined  to  fill  a  still 
larger  field  in  mill  work  than  is  even  now  thought  of. 

The  President — Since  Mr.  Wales  has  questioned  some- 
what the  ability  of  the  designer  of  the  motor  to  know  what 
he  has  designed,  we  will  now  ask  Mr.  Storer  to  take  up  the 
question,  since  he  is  responsible  for  some  of  the  motors  Mr. 
Wales  has  been  discussing. 

SOME  CHARACTERISTICS  OF  DIRECT  CURRENT 

MOTORS. 

MR.  NORMAN    WIf.SON    STORER. 

The  other  papers  presented  at  this  meeting  contain  a  very 
complete  description  of  the  uses  to  which  electric  motors  are 
being  put  and  of  the  excellent  work  they  are  doing  in  the  great 
steel  mills  in  and  around  Pittsburg.  A  large  part  of  the 
advantage  which  is  derived  from  the  use  of  electric  motors  is 
due  to  the  ease  of  the  transmission  of  power  from  the  central 
power  station  to  the  place  where  it  is  to  be  used,  but  a  great 
deal  of  it  is  also  due  to  the  motor  itself  and  to  the  ease  with 
which  it  may  be  placed  and  adapted  to  perform  the  different 
operations. 

As  is  inevitable  in  the  development  of  anything  so  radi- 
cally new  as  the  electric  motor  and  especially  in  its  applica- 
tion to  mill  work,  some  mistakes  have  been  made  which  have 
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been  both  troublesome  and  expensive,  but  such  mistakes  are 
now  for  the  most  part  ancient  history,  as  their  causes  are 
pretty  well  determined.  The  mistakes  have  been  due  chiefly 
to  three  causes,  viz. : 

(1)  Insufficient  knowledge  of  the  power  requirements  of 
the  work  to  be  done. 

(2)  Insufficient  knowledge  of  the  characteristics  and 
capacity  of  the  electric  motor. 

(3)  A  lack  of  knowledge  as  to  the  type  of  motor  best 
suited  for  the  work. 

Judging  from  the  papers  that  have  been  presented,  it 
would  seem  that  the  first  cause  is  being  eliminated.  A  sys- 
tematic effort  has  been  made  to  deterniine  the  actual  require- 
ments for  the  various  operations,  and  calculations  are  made 
with  a  good  knowledge  of  the  efficiency  of  all  the  different 
parts  of  the  machinery  which  is  to  be  operated.  This  know- 
ledge has  resulted  from  experience  and  its  application  with 
plenty  of  common  sense,  which  is  the  backbone  of  all  good 
engineering.  Common  sense  and  judgment  are  especially 
necessary  in  determining  the  sizes  of  motors  for  most  of  the 
operations  in  mill  work  where  the  loads  fluctuate  so  frightfully, 
friction  varies  between  such  wide  limits,  motors  are  started 
and  stopped  with  practically  no  use  of  the  starting  resistances, 
and  all  the  difficulties  imaginable  that  can  result  from  bad 
handling  of  the  motors  are  likely  to  arise.  In  such  service 
it  is  not  to  be  wondered  at  that  mistakes  have  been  made,  and 
if  the  same  mistakes  are  not  repeated,  the  engineer  is  to  be 
congratulated. 

The  second  cau&e  of  trouble  is  closely  allied  with  the 
first.  It  is  very  difficult  for  the  designer  of  electric  motors 
to  rate  them  in  terms  that  will  correspond  to  all  classes  of  the 
service  which  they  are  required  to  perform.  As  has  been 
stated  before,  the  electric  motor  is  such  a  conscientious  piece 
of  machinery  that  it  will  continue  to  run  as  long  as  it  is  sup- 
plied with  current,  until  its  temperature  becomes  so  high  that 
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the  insulation  will  be  destroyed  and  the  motor  bums  out. 
For  this  very  reason,  it  is  likely  to  be  overloaded  until  the 
operator  learns  its  limitations.  For  motors  of  the  enclosed 
type,  for  a  class  of  work  such  as  starting  and  accelerating 
heavy  loads  continuously,  the  limit  to  the  capacity  of  the 
motor  is  found  to  depend  not  on  the  maximum  speed  to  be 
attained  nor  the  maximum  load  to  be  carried  at  any  time,  or 
even  the  average  load  to  be  carried,  it  depends  principally  on 
the  average  loss  in  the  motor,  which,  in  turn,  determines  its 
temperature  rise. 

In  the  various  cycles  of  work  the  motor  has  to  perform, 
such  as  starting,  accelerating  and  running  for  short  periods 
with  various  loads,  certain  losses  occur  which  develop  heat  in 
the  motor  that  tends  to  raise  its  temperature.  No  one  cycle 
wiQ  last  long  enough  to  raise  the  temperature  more  than  a  few 
degrees,  but  a  succession  of  cycles  will  after  a  few  hours  raise 
the  temperature  to  a  point  where  the  radiation  of  heat  will 
equal  the  losses.  If  this  final  temperature  is  above  the  safe 
temperature  of  the  motor,  the  insulation  will  deteriorate 
rapidly  and  it  will  be  only  a  question  of  time  when  the  motor 
will  burn  out  and  will  have  to  be  re-wound.  In  such  a  case, 
a  larger  motor  should  be  used  or  the  duty  required  of  it  should 
be  decreased.  In  case  the  final  temperature  is  below  the  safe 
limit  and  the  maximum  requirements  are  below  the  commuta- 
ting  limits  and  mechanical  strength  of  the  motor,  more  work 
may  be  required  of  it,  or  a  smaller  motor  may  be  substituted. 

It  is  the  general  practice,  however,  to  use  a  few  standard 
sizes  of  motors  and  to  use  the  smallest  of  these  that  will  do 
the  work. 

The  great  problem  in  motor  selection  is  to  determine, 
first,  what  the  loads  are  going  to  be,  and  second,  to  find  what 
motor  will  be  required  to  perform  the  work.  It  is  useless  to 
try  to  select  a  motor  until  the  duty  required  of  it  is  pretty 
well  understood  and  the  relation  between  this  duty  and  the 
capacity  of  the  motor  is  determined.     It  is  very  difficult  for 
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the  designer  to  assign  a  rating  for  the  motor  or  to  describe  its 
capacity  without  having  a  working  knowledge  of  the  service 
which  is  expected  of  it.  It  is  therefore  necessary  that  the 
engineers  in  charge  of  motors  in  such  service  should  make  up 
specifications  giving  a  definite  statement  of  the  requirements. 
This  has  very  rarely  been  done.  It  is  not  sufficient  to  call  for 
a  motor  rated  at  60  H.  P.  without  giving  additional  charac- 
teristics as  to  the  range  of  loads,  the  average  load  desired,  and 
temperature  limit.  If  this  is  not  done,  it  is  unreasonable  to 
object  if  the  motor  does  not  meet  the  requirements. 

Some  of  the  curve  sheets  given  in  Mr.  Wales'  paper  con- 
tain ^'Safe  Load  and  Time  Curves."  These  curves  show  the 
time  the  motor  will  carry  the  various  loads  within  its  capacity 
with  a  certain  rise  in  temperature.  This  method  of  stating 
the  capacity  has  been  in  use  for  some  years  and  has  been  of 
great  assistance  to  the  engineers  who  wish  to  select  motors  for 
certain  work.  The  speed  and  torque  curves  show  the  ordinary 
limits  between  which  the  motor  should  be  worked. 

In  connection  with  the  question  of  rating  mill  motors,  it 
may  be  interesting  to  mention  the  method  of  rating  railway 
motors  which  has  been  adopted  by  the  Westinghouse  Electric 
&  Manufacturing  Company.  Railway  motor  work  is  in  many 
respects  analogous  to  mill  motor  work.  The  railway  motor  is 
called  upon  to  go  through  a  series  of  cycles  more  or  less 
regular,  of  acceleration,  running  at  full  speed,  coasting,  brake- 
ing  and  standing  still,  very  similar  to  the  work  required  of  mill 
motors,  except  that  the  conditions  are  such  that  the  work  may 
be  analyzed  much  more  definitely.  The  foundation  of  the 
method  of  rating  consists  in  making  a  careful  analysis  of  the 
work  which  railway  motors  have  to  perform  with  a  view  of 
determining  the  losses  which  occur  in  them  during  ordinary 
service.  The  losses,  which  are  chiefly  influential  in  increasing 
the  temperature,  are,  first,  losses  in  the  winding,  due  to. the 
resistance  of  the  copper  to  the  passage  of  the  current,  and 
second,  losses  in  the  iron  core,  due  to  reversals  and  fluctuations 
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in  magnetism.  Unfortunately  for  the  engineer  who  is  calculat- 
ing the  average  losses,  the  loss  in  the  windings  depends  not  on 
the  average  current,  but  on  the  square  of  the  current,  so  that 
it  is  necessary  to  determine  the  square  root  of  the  mean  square 
current  in  order  to  determine  the  average  copper  loss.  This  is 
not  difficult,  but  requires  a  great  deal  more  work  than  simply 
averaging  the  load  of  the  motor.  The  iron  loss  is  a  function 
both  of  the  current  and  the  voltage,  but  it  may  easily  be  deter- 
mined if  the  characteristics  of  the  motor  are  well  known  and 
the  cycle  of  operation  through  which  the  motor  passes  is  under- 
stood. When  once  these  losses  are  known,  it  is  a  very  simple 
matter  to  determine  whether  the  motor  will  be  able  to  stand  the 
average  loss  continuously  without  overheating.  In  order  to 
simplify  this  work,  the  continuous  capacity  of  600  volt  rail- 
way motors  has  been  expressed  in  terms  of  the  currents  which 
they  will  carry  continuously  at  300  and  400  volts.  Where  the 
motors  are  started  and  stopped  as  frequently  as  in  ordinary 
street  railway  service,  the  voltage  of  300  will  be  high  enough 
to  develop  the  full  average  iron  loss  of  the  motor.  The  nearer 
the  motor  approaches  a  service  requiring  continuous  operation 
under  load,  the  higher  the  voltage  should  be  for  the  continuous 
test,  until  where  the  motor  operates  continuously  it  should  be 
rated  at  the  voltage  of  supply. 

This  method  of  stating  the  capacity  of  railway  motors  has 
proved  very  satisfactory,  and  while  it  is  not  as  easy  in  many 
cases  to  predetermine  the  service  requirements  of  power  and 
time  for  mill  work  as  it  is  for  railway  work,  the  same  method 
may  be  applied  to  mill  motors.  The  most  important  thing  to 
do  is  to  carefully  analyze  the  work  which  the  motor  has  to 
perform,  determining  as  far  as  possible  the  limits  in  speed  and 
torque,  and  from  the  average  load  determine  what  the  average 
losses  in  the  motor  will  be.  It  is  very  difficult  to  select  a 
motor  of  any  class  of  service  intelligently  without  such  an 
analysis. 

In  some  cases,  the  temperature  of  the  motor  is  not  in  any 
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degree  the  limit.  The  motor  may  be  occasionally  required  to 
handle  enormous  over  loads  which  will  not  be  applied  long 
enough  to  raise  the  temperature  of  the  motor  to  an  injurious 
degree.  Motors  for  such  service  must  have  a  very  large  margin 
for  commutation  as  well  as  for  mechanical  strength,  and  it  is 
sometimes  necessary  to  select  very  much  larger  motors  for  the 
work  than  the  average  power  requirements  would  seem  to  need. 

In  this  connection,  it  may  also  be  mentioned  that  the  ex- 
ternal temperature  has  a  great  deal  to  do  with  the  capacity  of 
the  motor.  If  the  air  temperature  is  very  high,  a  larger  motor 
must  be  selected  to  do  certain  work  than  if  it  were  to  perform 
in  a*  low  atmospheric  temperature.  The  work  itself  will  cause 
a  rise  in  temperature  of  the  motor  of  a  certain  number  of  de- 
grees. It  will  be  readily  seen,  that  the  air  temperature  will 
thus  have  a  very  important  bearing  on  the  final  temperatut^  of 
the  motor. 

The  third  cause  of  mistakes  is  probably  the  least — a  lack 
of  knowledge  of  the  type  of  winding  best  suited  to  the  work. 
This  concerns  almost  entirely  the  speed  and  torque  regulation 
of  the  motor.  The  type  most  commonly  used  for  mill  work  is 
the  series  motor,  which  is  the  one  universally  used  for  railway 
service.  The  series  motor  has  a  capacity  for  starting  enormous 
over  loads,  because  the  heavier  the  load  is,  the  stronger  becomes 
the  field  and  the  greater  the  torque  that  can  be  developed  with 
a  given  current.  Not  only  is  the  torque  greater  for  a  given 
current  but  the  commutation  is  also  much  assisted  by  the  in- 
creased field  strength.  The  speed  curve  of  the  series  motor 
takes  somewhat  the  form  of  the  hyperbola.  On  light  load  the 
speed  increases  and  the  torque  decreases  rapidly.  If  the  load 
is  entirely  thrown  off  the  motor  it  will  reach  a  dangerous  speed. 
This  motor  is  thus  unauited  for  any  work  except  where  the 
speed  variations  do  not  interfere  with  the  work  and  where  the 
minimum  load  is  always  sufficient  to  keep  the  motor  from 
running  away. 

The  type  of  motor  which  is  least  used  for  mill  work  is  the 
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shunt  motor;  its  field  for  operation  is  in  service  requiring  a 
practically  constant  speed  with  comparatively  small  fluctuation 
in  load.  The  field  is  constant  at  all  loads  and  the  motor  is  not 
adapted  to  starting  or  running  extremely  heavy  over  loads. 

The  type  of  motor  intermediate  between  the  shunt  and 
series  is  the  compound  wound  motor.  This  motor  has  both 
shunt  and  series  windings  on  its  field  and  partakes  of  the 
characteristics  of  both  the  shunt  and  series  motors;  it  has  the 
capacity  for  handling  a  load  which  fluctuates  between  wide 
limits  and,  due  to  the  shunt  winding,  it  can  operate  at  a  fairly 
close  approximation  to  constant  speed.  The  light  load  may  be 
any  desired  amount  above  the  full  load  speed.  It  is  thus  very 
flexible  and  can  be  arranged  to  give  any  regulation  desired,  by. 
simply  changing  the  proportions  of  the  shunt  and  series  wind- 
ings. This  motor  is  especially  adapted  for  operating  shears, 
saws,  pumps,  and  such  work.  Shunt  motors  should  be  used 
for  operating  machine  tools,  mine  shafting,  etc.,  where  constant 
speed  with  comparatively  small  fluctuation  of  load  is  required. 
The  series  motor  should  be  used  for  all  classes  of  service  where 
frequent  accelerations  of  heavy  load  are  required  and  where  the 
load  on  the  motor  is  always  sufficient  to  prevent  its  running 
away.  Its  work  includes  the  operation  of  cranes,  roll  tables^ 
and  all  classes  of  railway  work. 

The  President — One  of  the  subjects  on  the  program  for 
this  evening  is  a  description  of  the  plant  of  the  Westinghouse 
Air  Brake  Company.  Mr.  Vankirk,  who  was  to  favor  us  in 
this  connection,  advises  that  during  the  past  two  or  three 
weeks  his  duties  have  engaged  his  attention  about  23  hours  per 
day  and  that,  as  a  consequence,  he  has  not  been  in  very  good 
shape  for  writing  the  other  hour.  However,  he  will  tell  us 
something  of  the  installation  at  that  point  from  which  you  will 
note  that  the  coming  of  the  alternating  current  motor,  about 
which  we  have  heard  some  remarks,  has  been  realized. 

Mr.  Vankirk — I  think  the  President  made  a  little  mis- 
take which  I  will  take  the  liberty  to  correct.     It  was  the  mo- 
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tors  which  worked  23  hours  per  day  and  not  myself.  Some 
three  years  ago  the  management  of  the  Westinghouse  Air 
Brake  Company  concluded  to  change  their  method  of  handling 
power,  believing  that  the  steam  engines  were  not  as  economical 
as  motors,  they  decided  on  electric  transmission  in  conjunction 
with  alternating  current  motors — two  phase.  In  their  central 
power  plant  they  also  went  a  step  further  than  the  steam  en- 
gine  and  installed  steam  turbines.  Three  600  H.P.  turbines 
were  put  in,  these  turbines  making  3,600  revolutions  per 
minute — a  rather  high  speed.  Desiring  to  ascertain  the  rela- 
tive economy  of  the  motor  drive  in  changing  from  steam  to 
electricity,  the  company  did  not  disturb  the  old  steam  plant, 
but  made  some  very  complete  and  exhaustive  tests  covering 
two  or  three  weeks'  time.  After  working  up  the  data  secured 
during  these  tests  it  was  found  that  the  use  of  the  motors 
driven  electrically  from  a  central  power  station  effected  a  sav- 
ing of  about  33  %  in  coal,  not  taking  into  account  the  extra 
labor  required  to  look  after  the  engines,  etc.,  and  loss  in  steam 
lines.  There  is  available  considerable  data  on  this  subject 
which  I  did  not  have  time  to  gather  up  and  put  in  logical 
form,  and,  as  Mr.  Scott  has  stated,  there  has  been  such  a  de- 
mand upon  my  time  that  I  could  not  do  the  subject  justice.  I 
am  going  to  take  the  first  opportunity,  however,  to  put  it  be- 
fore you  if  I  have  another  such  opportunity. 
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THE  USE  OF  THE  ELECTRIC   MOTOR  IN   MODERN 

BLAST  FURNACE  PLANTS. 

BY  ANDREW  ELLICOTT  MACCOUN. 

In  the  large  blast  furnace  plants  of  to-day  electricity  is 
gradually  taking  a  very  important  part  in  the  economical  oper- 
ation of  all  labor  saving  devices  for  handling  raw  materials, 
such  as  ore,  coke  and  limestone. 

This  is  largely  due  to  the  great  convenience  and  ecopomy 
in  transmitting  it,  the  ease  and  convenience  of  control  and  the 
great  economy  over  uneconomical  steam  engines  which  is 
effected  by  its  use. 

Most  of  the  power  houses  for  these  plants  have  their 
steam  boilers  supplied  by  the  waste  blast  furnace  gases,  no 
additional  fuel  being  required;  the  bosh  water  which  is  circu- 
lated around  the  tuyerers  and  cooling  plates  of  the  furnaces  can 
be  used  as  condensing  water,  so  that  power  can  be  generated 
very  economically  as  the  power  plants  for  this  purpose  general- 
ly use  compound  condensing  engines  of  good  steam  economy. 

Large  electric  ore  bridges  are  used  in  the  stock  yards  of 
these  furnaces  for  handling  all  the  raw  materials,  and  these 
operate  in  the  cheapest  possible  way,  unloading  and  storing- 
it  in  the  stock  yards  so  that  large  supplies  of  all  the  different 
grades  of  ore  can  be  kept  on  hand.  As  the  furnaces  require 
the  different  ores,  grab  buckets  on  the  bridges  take  it  from  the 
piles  and  dump  it  in  the  ore  bins  ready  for  use  in  the  furnaces. 

Electric  car  dumpers  also  are  being  used  extensively  for 
dumping  the  railroad  cars  in  which  the  ore  and  other  raw 
materials  are  received  into  smaller  cars  more  suitable  for  being 
unloaded  from  the  ore  bridges  into  the  stock  yards;  electric 
locomotives  are  used  for  shifting  these  oars,  and  in  many  places 
they  are  also  used  for  shifting  the  railroad  cars  in  which  the 
ore,  coke  and  limestone  are  received,  over  the  bunkers  for  di- 
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rect  use  on  the  furnaces.  These  electric  locomotives  are  much 
more  economical  than  the  steam  shifting  locomotive  and  much 
fewer  repairs  are  required  on  them.  Small  electric  cars  or 
larys  are  also  used  extensively  for  deliveriDg  the  raw  materiala 
from  the  ore,  coke  and  limestone  bunkers  directly  to  the  fur- 
nace skips. 

The  labor  for  handling  these  raw  materials  has  been  re- 
duced to  such  an  extent  by  these  labor  saving  devices,  that  it 
is  surprising  to  see  how  few  men  are  required  in  the  stock  yards 
of  the  modern  furnace  plants  where  such  enormous  quantities 
of  raw  material  are  continually  being  handled. 

There  are  many  other  places  around  blast  furnaces  where 
the  use  of  electric  motors  also  play  a  very  important  part,  such 
as  on  metal  mixers,  in  the  running  of  machine  shops  and  car- 
penter shops,  tilting  of  hot  metal  ladles,  and  running  of  elec- 
tric cranes  for  handling  pig  iron,  oh  cranes  for  skulling  ladles, 
and  on  skulUcrackei's  for  breaking  up  scrap.  For  work  of 
this  character  the  electric  motor  gives  by  far  the  most  satisfac- 
tory results,  and  there  are  many  places  where  their  application 
has  reduced  the  labor  force  required  to  a  quarter  of  what  it 
formerly  was  when  the  steam  engine  was  used,  and  the  invest- 
ment has  paid  for  itself  in  less  than  a  year. 

Motors  are  also  used  to  advantage  in  running  pig  ma- 
chines; these  consist  of  endless  conveyors  with  molds  in  the 
shape  of  an  iron  pisr,  into  which  the  molten  iron  is  poured  and 
cast  into  pigs  which  fall  from  the  conveyor  into  cars  ready  for 
shipment;  these  machines  have  saved  much  hard  labor  around 
blast  furnaces  which  formerly  required  large  cast-houses  attach- 
ed to  them  in  which  the  iron  could  be  run  into  molds;  but 
now  it  is  run  from  the  furnace  directly  into  ladles,  and  if  it 
is  not  to  be  converted  directly  into  steel  it  is  poured  on  the  pig 
machine  and  cast  into  iron  pigs. 

In  all  work  of  this  class  scattered  over  large  areas  the  elec- 
tric motor  is  by  far  the  most  economical  thing  to  use;  outside 
of  its'  gain  in  economy  over  the  steam  engine,  the  condensation 
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in  long  steam  lines  is  avoided  and  often  small  boiler  plants 
have  been  done  away  with,  and  lubor,  fuel  and  repairs  have 
been  saved.  Ancl  as  the  electric  motor  requires  very  little 
attention  it  can  be  readily  seen  what  enormous  savings  are 
effected  by  its  use  in  such  places. 

Blectiic  hoists  are  also  gradually  coming  into  use  for 
hoisting  the  raw  material  to  large  furnaces;  these  with  the 
modern  skip  equipments  save  top  fillers  on  the  furnaces  and 
and  also  are  much  more  economical  than  the  steam  engine  used 
for  this  purpose. 

I  will  mention  a  few  of  the  advantages  gained  by  the  use 
of  electric  hoists  and  will  make  a  few  comparisons  between  the 
hoists  operated  by  steam  and  by  electricity. 

The  modern  skip  equipments  ai*e  made  very  much  larger 
than  the  old  style  hoists,  lifting  from  5  to  10  tons  of  raw 
material  at  from  250  to  400  feet  per  minute;' with  large  fur- 
naces this  is  very  important^  for  at  times  when  a  furnace  is 
running  badly  it  is  very  important  to  fill  it  quickly,  thus  not 
allowing  the  burden  to  get  very  far  out  of  reach;  but  with  the 
older  style  elevator  which  took  up  two  barrows  or  so  at  a  time, 
it  took  a  long  time  to  fill  a  furnace  in  this  condition,  and  fur- 
naces always  work  much  better  when  such  irregularities  are 
avoided. 

The  steam  hoisting  engines  used  for  this  purpose  are  very 
uneconomical,  using  about  160  pounds  of  steam  per  horse 
power  hour. 

Automatic  cut-off  engines  have  been  tried  repeatedly  in 
many  places,  but  in  all  cases  that  I  know  of  they  have  been 
failures,  and  were  replaced  by  the  old  stj^le  engines,  as  the 
automatic  cut-off  engines  would  not  make  the  exact  stops 
required  for  this  class  of  work. 

The  electric  hoist  can  be  made  to  stop  at  exactly  the  same 
point  in  its  travel,  independent  of  the  load  carried.  This  is 
done  by  the  means  of  series  of  magnets  that  control  switches 
arranged  to  cut  in  more  resistance  when  the  motor  stai'ts  to 
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slow  down  near  the  end  of  its  travel,  on  the  light  loads  than 
on  the  heavy  loads.  By  adjusting  these  magnets,  the  hoist  can 
be  made  to  stop  at  any  point,  independent  of  the  load  carried. 

In  addition  to  the  great  steam  consumption  of  the  steam 
hoist,  there  is  a  far  greater  loss  due  to  the  condensation  going 
on  in  the  long  steam  lines  that  generally  run  to  these  hoists, 
and  in  the  exposed  valve  chests  of  the  engines.  These  losses 
in  twenty-four  hours  amount  to  considerable,  and  there  are 
always  more  or  less  leaks  in  steam  lines  of  this  character; 
besides  this  there  are  often  long  intervals  during  which  the 
engines  stand  idle,  yet  all  these  losses  are  continually  going  on. 
There  is  also  a  great  quantity  of  cylinder  oil,  and  engine  oil, 
and  packing  continually  being  used  by  the  steam  hoist.  These 
items  amount  to  a  great  deal  during  a  year;  but  with  the 
electric  hoist  the  bearings  are  self -oiling  and  use  very  little  oil, 
and  require  very  little  attention.  At  some  works  where  these 
hoist^  are  used,  the  man  that  runs  the  hoist  also  weighs  the  ore 
and  limestone,  and  operates  the  bells  on  the  furnace,  the  hoist 
being  entirely  automatic  after  it  is  once  started. 

From  actual  tests  on  one  of  these  furnaces,  the  average 
efficiency  (the  ratio  between  the  theoretical  mechailical  horse 
power  required  to  lift  the  material  and  the  electrical  horse 
power  taken  by  the  motor),  is  approximately  61?^,  when  the 
efficiency  is  averaged  with  all  the  different  loads,  such  as  ore, 
coke  and  limestone.  This  efficiency  takes  into  account  all  the 
losses  in  motor  and  gearing,  friction  of  grkips  on  tracks,  and  is 
the  average  of  a  great  number  of  readings  taken  from  all  the 
different  loads. 

An  additional  test  was  also  made  from  Wattmeter  read- 
ings, the  Wattmeter  being  very  carefully  calibrated. 

The  Wattmeter  readings  were  taken  for  two  weeks  on  a 
line  on  which  there  were  three  blast  furnaces;  two  of  the 
above  f  ilrnaces  were  identical  in  size,  the  third  was  smaller. 

Forty-eight  horse  power  was  the  average  power  consumed 
by  these  three  furnaces  during  this  period. 
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Eleven  horse  power  was  the  part  of  this  power  estimated 
as  used  by  the  small  furnace. 

Eighteen  and  five-tenths  horse  power  was  the  power  con- 
sumed by  each  of  the  larger  furnaces. 

Ten  thousand  tons  of  raw  material  was  the  approximate 
amount  lifted  to  each  of  the  larger  furnaces  each  week  during 
this  period,  and  135  feet  was  the  height  material  was  lifted. 

Nine  and  one- tenth  horse  power  was  the  average  theoreti- 
cal horse  power  required  to  lift  this  material  to  one  of  the 
larger  furnaces  during  this  time. 

Fifty  per  cent,  is  the  approximate  efficiency  or  ratio 
between  the  power  used  at  switchboard  in  power  house,  as 
shown  by  the  Wattmeter  and  the  theoretical  horse  power 
required.  This  takes  into  account  all  losses  in  lin€)^,  motors, 
gearing,  friction  of  ropes,  drums,  sheaves  and  extra  trips  when 
no  load  is  carried,  and  movements  made  for  lifting  scrap. 

If  an  electrical  horse  power  hour  is  generated  at  switch- 
board in  power  house  for  20  pounds  of  steam,  then  taking  all 
losses  into  consideration  it  takes  40  pounds  of  steam  per  horse 
power  hour  to  do  the  actual  lifting  at  the  hoist. 

The  steam  hoisting  engines  take  over  150  pounds  of  steam 
per  horse  power  hour,  and  this  does  not  include  any  losses  such 
as  friction,  condensation  in  steam  pipes  and  valve  chests,  and  it 
can  be  readily  seen  how  great  losses  these  are  when  they  are 
properly  considered. 

If  the  value  of  an  electrical  horse  power  for  a  year  at 
switchboard  is  placed  at  $50.00,  the  cost  of  power  of  one  year 
at  one  of  the  larger  furnaces  would  be  approximately  $925.00; 
at  this  rate,  therefore,  the  cost  of  power  for  lifting  100  tons  of 
material  135  feet  would  be  ll-xis  cents,  and  the  cost  of  lifting 
one  ton  of  material  the  same  height  would  be  J  of  a  cent.  There 
are  very  few  steam  hoists  at  blast  furnace  plants  that  will  do 
this  work  for  one  cent  per  ton. 

This  shows  plainly  in  one  instance  the  great  economy  ef- 
fected by  the  use  of  the  electric  motor  on  furnace  hoists,  and 
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this  is  only  one  of  the  smallest  savings,  because  as  a  usual  thing 
in  other  classes  of  work  there  are  great  savings  in  labor  besides 
the  savings  in  power,  and  at  times  one  man  can  be  put  to 
manipulate  the  same  number  of  motors  where  formerly  it  took 
two  or  three  men  when  engines  were  used. 

These  facts  show  how  the  use  of  electricity  is  being 
developed  about  steel  works  and  blast  furnaces,  and  there  are 
many  of  these  works  that  have  over  10,000  horse  power  of 
motors  of  various  sizes  for  work  of  this  kind,  and  there  are 
gradually  increasing  applications  of  electricity  to  many  other 
classes  of  work. 

The  President — Mr.  F.  M.  Duncan,  of  the  Akron  Elec- 
trical Manufacturing  Company,  on  ''Machine  Tool  Driving." 
As  Mr.  Duncan  is  not  here  this  evening,  his  paper  will  be  read 
by  Mr.  Hirsch. 
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ELECTRIC  EQUIPMENT 
IN  MODERN  MACHINE  SHOP  PRACTICE. 

By  F.  B.  Duncan,  Akbon,  Ohio, 
Genebal  Superintendent  Akbon  Elegtbic  Mfg.  Co. 

As  the  steel  and  iron  industries  are  the  vitals  of  the  manu- 
facturing interests  of  the  country  anything  which  promises  in- 
creased efficiency  in  our  shops  is  worthy  of  being  given  the 
closest  investigation,  and  of  having  the  best  engineering  talent 
devoted  to  the  solution  of  the  questions  involved. 

Of  the  many  changes  electrical  machinery  has  introduced 
in  manufacturing,  a  very  important  phase  is  the  part  it  plays  in 
the  equipment  of  the  modern  machine  shop. 

The  traction  field  has  been  fairly  well  worked  over;  stand- 
ard lines  of  apparatus,  both  mechanical  and  electrical  have  been 
evolved,  and  there  is  at  the  disposal  of  the  capitalist  entering 
ibis  field  a  well  defined  system  as  to  type  of  generators,  motors, 
controllers,  transmission  lines,  etc.,  and  all  that  remains  to  be 
done  by  the  engineer  in  charge  of  any  particular  installation  is 
to  have  made  the  slight  modifications  necessary  to  suit  local 
conditions. 

Turning  to  the  metal  working  industries  (which  are  incom- 
parably of  more  importance  to  the  country,  both  from  the 
amount  of  capital  invested  and  from  their  relation  to  our 
national  prosperity  and  supremacy)  progressive  manu- 
facturers everywhere  are  installing  electrical  transmission 
in  their  plants,  and  yet  most  take  up  the  question,  espec- 
ially in  machine  shops,  only  to  find  it  is  impossible  to 
obtain  anything  like  a  complete  shop  equipment  of  tools 
with  individual  motor  drive,  and  what  can  be  obtained  is 
a  sort  of  half-breed  compromise  between  a  belted  outfit  and  an 
electrically  operated  one;  while  in  the  smaller  sizes  of  tools  it 
is  practically  impossible  to  obtain  anything  pertaining  to  an 
electrically  driven  equipment. 
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as  tapping  machines,  bolt  cutters,  pipe  cutters  aud  pipe  thread- 
ing machines,  power  shears,  emery  wheels,  grind  stones,  buf- 
fing apparatus,  foundry  blowers,  etc. ,  that  require  very  little 
variation  in  speed,  not  more  than  can  be  readily  obtained  by 
shunt  field  regulation. 

There  are  a  number  of  serious  difficulties  on  the  mechan- 
ical side,  but  they  are  incidental  rather  than  fundamental,  and 
therefore  by  the  expenditure  of  capital  and  engineering  talent 
can  be  readily  eliminated. 

Some  of  these  are  the  following: 

1st.  The  present  design  of  machines  for  belt  operation 
necessitates  new  patterns  for  many  parts  before  they  can  be 
electrically  driven. 

2d.     The  greater  first  cost  sa^  yet  of  motor  driven  tools. 

3d.  That  the  present  design  of  many  tools  is  not  heavy 
enough  to  stand  positive  motor  operation. 

4th.  The  large  demand  as  yet  for  belt  drive  machines 
compared  with  that  of  electrically  operated  ones,  and  the  re- 
luctance of  manufacturers  to  be  the  pioneers  in  what  is  as  yet 
commercially  an  untrodden  path. 

It  is  not  the  writer's  intention  to  go  into  the  engineering 
or  business  details  of  this  question,  but  simply  to  indicate 
methods  that  have  been  used,  and  can  be  used  again  on  a 
broader  scale  to  overcome  these  obstacles  to  what  is  an  ideal 
method  of  power  transmission. 

Speed  variation  on  the  electrical  side  of  the  question  is  the 
most  serious  of  all  these  problems,  and  must  be  given  most 
serious  consideration  if  anything  is  to  be  accomplished.  There 
are  a  number  of  well  known  ways  to  obtain  the  desired  varia- 
tion of  speed,  some  of  them  purely  electrical,  and  others  part- 
ly mechanical;  to  the  latter  class  belongs  the  single  voltage 
system  with  shunt  field  regulation.  By  this  means  there  can 
be  obtained  electrically  .not  more  than  one-hundred  per  cent, 
increase  above  the  normal,  the  other  changes  must  be  accom- 
plished by  means  of  gearmg  or  some  other  mechanical  method, 
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unless  we  consider  in  this  connection  the  double  commutatoi: 
motor. 

The  single  voltage  system  has  one  distinct  advantage,  which 
is,  that  a  power  plant  can  be  installed  of  the  same  voltage  as 
the  local  power  service,  and  for  overtime  work  it  enables  a 
manufacturer  to  dispense  with  the  service  of  an  engineer  and 
fireman  and  the  attendant  losses  from  operating  his  generating, 
machinery  at  night,  or  if  power  is  furnished  cheap  enough  to 
dispense  with  his  own  generating  station  entirely.  It  also  per- 
mits a  shut-down  for  repairs  of  boilers  or  other  generating  ap- 
paratus without  disturbing  the  operation  of  the  factory  as  a 
whole.  Its  disadvantages  are  the  fact  that  if  any  great  range 
of  speed  is  to  be  obtained  electrically,  a  double  commutator 
must  be  used,  the  additional  space  required  for  this  design  in 
the  tool  construction  and  the  multiplying  of  the  care  of  the  com- 
mutator and  brushes. 

The  multi- voltage  system  is  a  method  which  furnishes  the 
desired  variation  in  speed  by  electrical  means  alone.  This 
system  in  the  sense  of  four  or  more  voltages  solves  the  question 
of  speed  variation,  but  introduces  some  serious  disadvantages. 
Among  them  is  the  complicated  generating  set,  switchboard, 
controllers,  installation,  and  the  larger  first  cost  of  same.  An- 
other is  the  inability  of  ecconomically  operating  the  plant  from 
an  outside  source  of  power.  There  are  other  objections  to  this 
system  which  might  be  mentioned,  but  it  is  not  the  purpose  of 
this  article  to  enter  closely  into  the  question. 

There  are  some  objections  to  each  of  these  systems,  and  aa 
the  settling  on  standard  practice  for  shop  equipment  is  the  first 
question  to  be  determined  before  any  real  progress  can  be  made, 
the  consideration  of  this  matter  should  be  therefore  seriously 
undertaken  by  our  engineers,  and  a  little  of  standard  practice 
worked  out. 

A  compromise  between  the  two  systems  above  mentioned, 
which  would  combine  many  of  the  advantages  of  both,  is  the 
common  three-wire  system  using  field  regulation  between  the 
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steps  and  for  an  exceptional  tool  needing  very  wide  speed  vari- 
ation, the  use  of  a  double  commutator  motor.  For  compact 
plants  could  be  used  the  110-220,  and  for  more  scattering  or 
larger  plants  the  220-440  volts  transmission;  (lamps  can,  of 
course,  be  used  at  110  or  220  volts  as  the  case  might  require. 
Across  the  outside  wires,  planers,  grinders,  blowers,  buffing 
machines,  and  wood  shop  apparatus,  etc.,  would  be  connected, 
as  in  general  they  do  not  need  any  more  variation  than  can  be 
obtained  by  the  shunt  field.  Lathes,  boring  mills,  milling  ma- 
chines, drill  presses,  etc.,  would  be  operated  from  either  volt- 
age at  will,  and  speed  between  steps  of  voltage  be  obtained  by 
field  regulation). 

The  present  is  an  opportune  time  to  take  up  this  question 
of  machine  tool  drive  as  the  advent  of  the  Taylor  White  and 
other  similarly  treated  steels  with  the  attendant  heavy  duty  and 
high  speeds  ai'e  necessitating  a  complete  redesign  of  most  of  the 
machine  tools  now  built,  because  they  are  not  heavy  enough  to 
stand  the  strain  resulting  from  the  use  of  this  steel,  and  the 
belts  and  pulleys  of  dimensions  as  now  used  simply  will  not 
transmit  the  power  required. 

Motor  drive  by  means  of  a  motor  geared  to  the  tool  fur- 
nishes the  positive  drive  necessary  to  the  practical  use  of  these 
steels,  and  also  (through  the  circuit  breaker)  provides  an  ad- 
justable release  which  obviates  the  necessity  of  a  ^  ^slipping 
point"  in  the  tool  itself  such  as  is  now  provided  in  the  belt 
driven  machine  tools,  and  which  point  is  in  many  machines 
away  below  where  it  should  be,  in  order  to  get  the  greatest 
efficiency  from  the  tool. 

Many  of  the  difficult  problems  attending  machine  tool 
drive  are  being  solved,  one  of  the  last  and  most  important 
advances  in  this  line  being  the  entire  elimination  of  belts  and 
pulleys  in  planer  operation.  Direct  connected  motors  and 
magnetic  clutches  being  the  solution  of  this  difficult  and  what 
was  for  some  time  one  of  the  most  difficult  has  now  become 
the  easiest  machine  to  operate  electrically  without  belts  or 
countershafts. 
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A  brief  setting  forth  of  the  advantages  pertaining  to  indi- 
vidual motor  operation  of  tools  is  given  below: 

1st.  Greater  output  per  machine  due  to  positive  nature 
of  drive;  in  many  cases  this  is  at  least  fifty  per  cent. 

2d.  Ability  to  accurately  determine  by  means  of  record- 
ing instruments  centrally  located  with  a  multi-point  switch 
whether  tools  are  being  kept  at  work  in  proper  manner,  there- 
by affording  a  graphic  record  of  the  time  each  machine  is  in 
operation,  and  its  consumption  of  power.  Thiswi  11  also  en- 
able the  detection  of  tools  that  are  in  bad  condition  due  to  ab- 
normal friction  of  bearings  or  moving  parts. 

3d.  The  flexibility  of  placement  of  machine  tools  to  suit 
the  passage  of  the  work  through  the  shop. 

4th.  Better  light  and  absence  of  dirt  due  to  ])elts,  shaft- 
ing, pulley  hangers,  etc. ,  and  less  first  cost  of  building  owing 
to  the  lighter  overhead  construction  permissible  when  no  shaft- 
ing pulleys,  hangers,  or  belt  tension  have  to  be  taken  care  of. 

6th.     Free  head  room  for  crane  service. 

6th.  Ability  to  shut  down  or  start  up  any  one  machine 
independently  of  all  others. 

It  is  the  writer's  opinion  that  the  individual  method  of 
operation  will  obtain  in  smaller  units  until  even  the  very  smal- 
lest tools  can  be  so  obtained,  and  the  crying  need  of  the  hour 
is  an  electro- mechanical  tool  concern  that  will  devote  its  entire 
energies  to  this  field  and  design  and  build  a  complete  line  of 
electrically  driven  apparatus  with  this  method  of  operation 
alone  in  view.  There  is  needed  a  complete  line  of  drill- 
presses,  lathes,  milling  machine,  planers,  boring  machines, 
both  horizontal  and  vertical  that  would  enable  progressive 
manufacturers  to  install  a  complete  individual  motor  driven 
equipment,  which,  at  the  present  time,  is  practically  impossible. 

The  market  for  this  apparatus  would  at  present  consist  of 
two  classes  of  customers. 

1st.  Those  who  desire  a  plant  that  will  produce  work  in 
the  most  economical  manner,  and  are  willing  to  pay  for  it. 
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2d.  ThoBe  who  wish  to  equip  a  small  shop  without  going 
to  the  expense  of  installing  boilers,  engines  or  shafting. 

The  power  consumption  in  a  plant  of  this  kind  would  be 
smaller  than  in  a  belt  driven  one,  but  that  question  after  all  is 
a  minor  one.  The  efficiency  of  the  tool  installation  in  reference 
to  the  amount  of  work  turned  out  and  the  final  cost  of  such 
work  is  the  primary  and  great  object  to  be  kept  in  view. 

The  prospect  is  so  alluring  that  strenous  efforts  should  be 
made  by  electrical  engineers  to  meet  the  conditions,  as  it  is  on 
their  side  that  the  fundamental  difficulty  lies,  and  there  should 
always  be  kept  in  view  that  golden  age  condition  of  a  unit 
power  station  operated  for  all  the  manufacturers  of  any  locali- 
ty and  power  furnished  by  it  to  all,  thus  abolishing  the  abom- 
inable system  now  in  vogue  of  hundreds  of  small  generating 
plants  with  their  attendant  lack  of  economy  and  unreliability. 

This  is  an  end  worth  looking  forward  to,  but  it  will  need 
much  ^^strenuous  life"  on  the  part  of  both  the  business  element 
and  the  engineering  fraternity  before  is  obtained  the  inesti- 
mable privilege  of  closing  the  switch  at  any  time  of  night  or  day 
and  having  at  disposal  unlimited  power  with  practically  no 
possibility  of  a  shut  down  in  combination  with  the  unrivaled 
efficiency  in  production  of  work  of  a  motor  driven  tool. 

Appended  to  this  paper  is  a  sheet  giving  motor  power  re- 
quired by  a  number  of  the  standard  makes  of  tools  in  general 
use  by  machine  shops  of  this  country. 

Data  Sheet  of  Motor  Power  on  Standard  Machine  Tools. 

No.  1. 

Description  of  machine.  Planer. 
Make  of  machine,  Nilos  Tool  Co. 
Size  of  machine,  10  ft.  x  10  ft.  x  20  ft. 
No.  of  cutting  tools,  3. 
Size  of  cut,  f  in.  X  ^  in.  each  tool. 
Cutting  speed,  18  ft.  per  minute. 
Material  machined,  cast  iron. 
Weight  on  platen,  40  tons. 
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Power  for  cut,  26. 54  H.  P. 

Power  for  reverse,  42. 93  H.  P. 

Power  for  return,  23.56  H.  P. 

Ratio  of  return,  3  to  1. 

Method  of  drive,  Motor  belted  to  counter  shaft. 

Kind  of  Motor,  D.  C.  Compound  wound. 

Remarks: — ^Not  enough  flywheel  effect  on  countershaft  to 
equalize  load  at  moment  of  reversal.  A  30  H.  P.  motor  was 
used  for  above  drive  with  good  results. 

No.  2. 

Description  of  machine.  Planer. 

Make  of  machine,  Pond  Machine  Co. 

Size  of  machine,  8  f t.  x  8  ft.  x  20  ft. 

No.  of  cutting  tools,  3. 

Size  of  cut,  f  in.  x  ^^  in.  each  tool. 

Cutting  speed,  18  ft.  per  minute. 

Material  machined,  cast  iron. 

Weight  on  platen,  32  tons. 

Power  for  cut,  16  H.  P. 

Power  for  reverse,  28.15  H.  P. 

Power  for  return,  14.80  H.  P. 

Ratio  of  return,  3  to  1. 

Method  of  drive.  Motor  belted  to  counter  shaft. 

Kind  of  Motor,  D.  C.  Compound  wound. 

Remarks: — Not  enough  flywheel  effected  on  countershaft 
to  equalize  load  at  moment  of  reversal.  A  25  H.  P.  motor  was 
used  on  this  machine  with  good  results. 

No.  3. 

Description  of  machine,  Planer. 

Make  of  machine,  Pond  Machine  Co. 

Size  of  machine,  66  ft.  x  60  ft.  x  12  ft. 

No.  of  cutting  tools,  2. 

Size  of  cut,  i  in.  x  1-16  in. 

Cutting  speed,  21  ft.  per  minute. 

Material  machined,  Open  hearth  steel  castings. 
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Weight  on  platen,  4  tons. 

Power  for  cut,  10  H.  P. 

Power  for  reverse,  16  H.  P. 

Power  for  return,  14  H.  P. 

Ratio  of  return,  3^  to  1. 

Method  of  drive,  Direct  current  compound  wound  motor, 
mounted  on  housing  of  planer  with  42  in.,  1500  lb.,  flywheel 
running  at  400  K.  P.  M.,  mounted  on  motor  shaft.  Flywheel 
used  as  driving  pulley  for  return  of  platen. 

Kemarks: — A  series  of  recording  ammeter  cards  taken 
on  this  planer  showed  it  was  idle  an  average  of  2^  hours  per 
day,  showing  a  saving  of  power  by  use  of  individual  motor  drive. 
The  above  2^  hours  was  generally  made  up  of  short  periods 
for  setting  work,  taking  measurements,  etc. 

No.  4. 

Description  of  machine,  Planer. 

Make  of  machine,  Gray. 

Size  of  machine,  28  in.  x  82  in.  x  6  ft. 

No.  of  cutting  tools,  1 . 

Size  of  cut,  f  in.  X  ^  in. 

Cutting  speed,  22  ft.  per  minute. 

Material  machined,  cast  iron. 

Weight  on  platen,  3  tons. 

Power  for  cut,  3.1  H.  P. 

Power  for  reverse,  4.4  H.  P. 

Power  for  return,  3.8  H.  P. 

Ratio  of  return,  4  to  1. 

Method  of  drive,  D.  C.  compound  wound  motor  mounted 
on  platen  housings  with  flywheel  30  in.  diameter  496  lbs.,  800 
R,  P.  M  ,  mounted  on  motor  shaft  and  used  as  pulley  for  re- 
turn of  platen. 

Remarks: — Average  load  on  motor  2.48.  A  3  H.  P.  Motor 
at  800  R.  P.  M.  gave  first  rate-service.  Rheostat  used  in 
series  with  shunt  field  to  raise  cutting  speed  on  light  work  to 
30"  per  minute. 
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No.  5. 

Description  of  machine,  Turret  Lathe. 

Make  of  machine,  Gisholt  Machine  Co. 

Size  of  machine,  28  in.  swing. 

No.  of  cutting  tools,  5. 

Size  of  cut,  f  in.  x  ^  in.  1  tool,  ^  in.  x  ^  in.  4  tool. 

Cutting  speed  25  ft. 
.  Material  machined,  Tropenas  cast  steel. 

Power  for  cut,  3.9  H.  P. 

Weight  of  casting,  400  lbs.. 

Method  of  drive,  D.  C.  compound  wound  motor  600  R. 

P.  M.  geared  to  headstock  gear  in  place  of  cone  pulley.  Speed 

variations  on  motor  100%  in  all  26%  by  armature  control  below 

normal  and  75%  increase  above  normal  by  resistance  in  shunt 

field.     Eleven  points  in  controller  giving  with  the  three  gear 

speeds,  33  changes  of  speed  in  all.     An  increase  in  output  of 

100%  was  obtained  on  this  machine  by  changing  from  from  belt 

to  geared  motor  drive. 

No.  6. 

Description  of  machine,  Drill-press. 

Make  of  machine,  W.  F.  &  John  Barnes. 

Size  of  machine,  21  in. 

Motor  power  required,  1  H.  P. 

Method  of  drive,  D.  C.  compound  motor  mounted  on 
frame  of  press  and  belted  down  to  driving  pulley.  Starter  and 
reversing  switch  mounted  on  frame  of  press  within  reach  of 

operator  seated  at  table. 

No.  7.. 

Description  of  machine,  Kadial  Drill-press. 

Make  of  machine,  Niles  Tool  Works. 

Size  of  machine.  No.  1,  5  ft.  arm  from  center  of  column. 

Motor  power  required,  Cmax.)  2.03  H.  P. 

Size  of  motor  used,  2  H.  P.  600  B.  P.  M. 

Method  of  drive,  Vertical  D.  C.  compound  wound  motor 
mounted  on  top  of  column  and  geared  to  driving  shaft.  Raw- 
hide pinion  used  on  motor  shaft. 
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No.  8. 

Description  of  machine,  Double  end  emery  wheel  stand. 
Size  of  wheel,  18  in.  x  2  in.  wheels. 
Speed  of  wheels,  950  R.  P.  M. 
Kind  of  work,  2  laborers  grinding  castings. 
Maximum  H.  P.,  6  H.  P.  momentarily. 
Average  H.  P.,  3.5  H.  P. 

H.  P.  motor  required,  5  H.P.  open  with  dust  proof  covers. 
Method  of  drive,  D.  C.  compound  wound  motor  mounted 
on  grinder  shaft  between  the  wheels. 

No.  9. 

Description  of  machine,  Vertical  Boring  Mill. 

Make  of  machine,  Pond  Machine  Co. 

Size  of  machine,  10  ft.  table. 

L>ro.  of  cutting  tools,  2. 

Size  of  cut,  f  in.  X  3^  in. 

Cutting  speed,  20  ft.  per  minute. 

Material  machined,  cast  iron. 

Weight  on  table,  3.5  tons. 

Motor  power  required,  8.58. 

Method  of  drive,  D.  C.  compound  wound  motor  belted 
to  countershaft.  Twelve  H.  P.  motor  gave  good  results  on 
heaviest  cuts  and  weights  of  castings. 

No.  10. 

Description  of  machine,  Slotter. 
Make  of  machine,  Bement  &  Miles. 
No.  of  cutting  tools,  1. 
Size  of  cut,  f  in.  X  3^  in. 
Speed  of  tool,  20  ft.  per  minute. 
Material  machined.  Open  hearth  steel  castings. 
Motor  power  required,  6.98  II.  P. 

Method  of  drive,  D.  C.  compound  wound  motor  belted  to 
countershaft. 
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No.  11. 

Description  of  maohine,  Flat  Turret  Lathe, 

Make  of  machine,  Jones  &  Lamson. 

Size  of  machine,  2  in.  x  24  in.,  their  standard. 

Motor  power  required,  IJ  H.  P.  for  satisfactory  service. 

No.  12. 

Description  of  machine,  Tool  Grinder. 

Make  of  machine,  Gisholt  Machine  Co. 

Size  of  wheel,  their  stand  cup  wheel. 

Speed  of  wheel,  16  to  18  R.  P.  M. 

Maximum  H.  P.  required,  7  for  short  periods. 

Average  H.  P.  required,  4. 

Method  of  drive,  D.  C.  compound  wound  enclosed  motor 

mounted  on  grinder  shaft  with  field  rheostat   in   series   with 

shunt  coils  to  increase  speed  from  1600  to  1800.     A  5  H.  P. 

open  motor  with  enclosing  covers  gave  good  satisfaction  on 

this  grinder. 

No.  13. 

Description  of  machine.  Engine  Lathe. 

Make  of  machine,  Hendey^  Norton. 

Size  of  machine,  16  in. 

Motor  power  required,  approximate,  3  H.P.  at  maximum. 

Method  of  drive,  D.  C.  compound  wound  motor  mounted 
on  support,  bolted  to  bed  of  lathe  and  equipped  with  clutch 
and  cone  pulley  with  belt  to  headstock  cone. 

No.  14. 

Description  of  machine,  Engine  Lathe. 
Make  of  machine,  Putnam. 
Size  of  machine,  18  in.  x  6  ft.  between  centers. 
Motor  power  required,  2. 1  H.  P. 

Method  of  drive,  D.  C.  compound  wound  motor  geared 
to  countershaft. 
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No.  15. 

Description  of  machine,  Engine  Lathe. 

Make  of  machine,  Pond  Machine  Co. 

Size  of  tool,  36  in.  x  10  ft.  between  centers. 

Motor  power  required,  10  H.  P. 

Method  of  drive,  D.  C.  compound  wound  motor  direct 
geared  to  countershaft. 

On  all  the  above  machines  where  motors  are  geared,  raw- 
hide pinions  were  used  on  motor  shaft.  Information  as  to 
motor  H.  P.  required  for  tools  not  given  above  will  l3e  cheer- 
fully furnished  to  those  interested,  as  it  is  the  writer's  belief 
that  the  more  generally  such  information  is  disseminated  the 
^^iooner  machine  tool  builders,  motor  manufacturers  and  machine 
shop  proprietors  will  be  able  to  solve  the  questions  pertaining 
to  *the  economical  production  of  the  machinery  merchandise  of 
the  country. 

The  President — The  various  papers  which  we  have 
heard  this  evening  present  various  phases  of  the  electric  mo- 
tor problem.  Mr.  Hirsch,  Chairman  of  the  Program  Com- 
mittee, to  whose  efforts  the  number  of  papers  this  evening  is 
largely  due,  has,  by  letter  or  conversation,  invited  a  number 
of  members  generally  to  participate  this  evening,  and  we  will 
be  very  glad  to  hear  from  some  of  these  men.     Mr.  Fisher. 

Mr.  H.  W.  Fisher — We  are  using  electric  motors  in  a 
few  of  our  factories  at  the  present  time.  At  Perth  Amboy, 
we  use  alternating  current  motors — three  phase — and  use  them 
with  a  great  deal  of  satisfaction.  I  think  the  only  trouble 
which  developed  was  a  hot-box  which  had  to  be  rebabbitted. 
In  our  Pittsburg  factory  we  have  used  special  dirrect-current 
motors.  The  only  objection  I  see  to  the  direct-current  motor 
is  the  trouble  with  the  commutator.  Occasionally  it  sparks 
too  much,  and  the  commutator  has  to  be  turned  down,  which, 
of  course,  takes  a  little  time  to  do.  .  But  in  general  these 
motors  have  run  a  good  many  months  without  having  any- 
thing  done   to   them.       I  think,    however,  that  one  or  two 
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suggestions  might  be  made  to  the  manufacturers  of  mo- 
tors and  generators  which  would  be  of  benefit  to  those  who 
use  them.  I  know  of  a  case  where  a  motor  was  set  up  ac- 
cording to  directions  ready  to  be  operated,  but  the  outfit  had 
resistance  in  series  with  the  armature.  The  motor,  of  course, 
sparked  a  very  great  deal,  the  resistance  got  very  hot.  Several 
positions  of  the  brashes  were  tried  but  in  every  case  the  re- 
si  tance  heated.  Then  one  of  the  engineers  of  the  Westing- 
bouse  Company  was  sent  for  and  he  very  soon  got  the  motor 
to  running  all  right.  It  appeared  that  the  brushes  were  not 
set  right.  A  very  little  difference  in  the  set  of  the  brushes 
made  quite  a  difference  in  the  operation  of  the  motor  on  account 
of  the  excessive  amount  of  current  going  through  it.  It  seems 
to  me  that  when  these  motors  are  sent  out  a  diagram  or  drawing 
should  accompany  them  showing  the  approxmate  position  of 
the  brushes,  so  that  the  comparatively  ignorant  person  who  has 
to  set  up  the  motor  can  probably  get  it  right  the  first  time. 

The  President — One  of  the  gentlemen  requested  to  pre- 
pare one  of  the  papers  this  evening  is  Mr.  Friedlander,  out  at 
Duquesne. 

Mr.  Friedlander — We  have  occasion  to  use  some  West- 
inghouse  motors,  and  as  in  the  case  Mr.  Wales  speaks  about 
we  are  entirely  dependent  on  these  motors.  We  have  one  100 
H.  P. ,  No.  39  motor  lifting  all  the  iron  ore  for  four  blast 
furnaces.  This  motor  works  night  and  day  and  lifts  the  mix. 
ture  fifty  feet  high.  From  these  furnaces  the  iron  is  sent  to  the 
different  mills,  so  that  if  this  motor  gives  out  the  mills  are 
completely  shut  down.  We  have  had  this  motor  running 
about  four  years.  Through  a  mistake  of  the  crane  builder  we 
did  not  get  the  right  motor  in  this  place."  A  100  H.  P.,  rail- 
way-type machine  was  finally  put  in.  We  did  not  want  to 
accept  the  machine,  but  we  received  a  guarantee  from  the 
Westinghouse  people  that  if  the  motor  did  not  work  in  the 
service  we  had  they  would  take  it  back.     This  motor  does  fifty 
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per  cent,  more  work  than  we  booght  it  for.     Of  course  it  has 
given  us  lots  of  trouble  but  it  is  still  in  there. 

Yon  can  see  in  our  place  a  spare  armature  provided  with 
30'  pulley,  6'  wide  brake  band,  and  pinion  10'  wide  face. 
The  crane  is  72  feet  from  the  ground  and  the  armature  hangs 
on  a  chain  block  ready  to  go  into  the  motor  any  minute  day 
or  night.  It  can  be  put  in  by  a  man  who  never  saw  a  motor, 
and  he  can  place  this  armature  in  the  machine  inside  of  40 
minutes,  it  took  three  hours  in  the  beginning.  We  have  run 
this  motor  about  two  years  without  five  minutes  delay  to  the 
mill.  We  have  not  got  room  to  put  a  bigger  motor  in.  I 
have  made  tests  of  this  motor  and  it  is  actually  doing  100% 
more  work  if  the  ladle  is  full  of  iron.  .  The  motor  is  of  the 
high-speed  type,  making  about  1,100  revolutions  per  minute, 
and  we  have  considerable  trouble  in  keeping  the  winding  on. 
It  hoists  up  a  ladle  containing  a  50  ton  load  to  a  height  of  about 
fifty  feet.  Any  time  in  running  down  this  ladle  the  motor  can 
be  stopped  at  the  will  of  the  operator.  It  can  be  stopped  with- 
in two  or  three  revolutions.  Of  course,  this  is  very  hard  on 
the  armature  shaft.  We  have  bent  two  or  three  armature 
shafts.  I  do  not  think  our  work  can  compare  with  street  car 
work.  Most  of  our  men  are  not  experienced  with  motors. 
There  are  men  there  who  have  never  been  near  a  motor.  We 
have  to  have  a  controlling  device  with  the  machine  so  they  can 
run  it.  Of  course  they  do  not  look  after  the  machinery  at  all, 
and  in  consequence  the  motors  see  very  hard  service  You  can 
see  many  of  our  motors  with  lugs  broken  off,  break  shaft  bear- 
ings broken  off — troubles  due  to  suddenly  reversing  the 
motor  when  running  at  considerable  speeds.  These  are  all 
mechanical  troubles.  I  have  seen  the  bolts  holding  the  motor 
sheared  off  ;  some  of  them  2"  bolts  and  still  they  break.  If 
any  kind  electrical  man  takes  the  pains  to  come  down  to  our 
works  I  can  give  him  a  week's  board  and  room  and  tell  him 
about  my  troubles.  I  think  in  the  future  when  we  have  done 
away  with  all  these  troubles  that  we  will  not  be  able  to  get 
motors  fast  enough. 
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MECHANICAL  SPEED  CHAlSGING  DEVICES.     DRIV- 
ING MACHINE  TOOLS  FROM  CONSTANT 

SPEED   MOTORS. 

BY    MR.    H.    M.    PALMER. 

With  the  introduction  of  the  electric  motor  as  a  drive  for 
machine  tools,  the  problem  of  speed  control  has  been  solved 
for  many,  by  equiping  individual  tools  ivith  variable  speed 
motor  drive;  but  a  study  of  construction  of  and  conditions 
under  which  a  machine  operates,  shows  advantaged  in  the  use 
of  a  constant  speed  motor  ^ith  a  speed  changing  device. 

The  latter  method  has  met  with  some  disfavor,  as  it  is 
claimed  an  uneconomical  output  results,  due  to  a  waste  of 
time  on  the  part  of  the  operator,  who  is  unable  to  properly 
adjust  cutting  speed  of  tool  between  adjacent  steps  of  cone 
pulley  or  gears. 

As  a  matter  of  fact,  there  are  considerable  increments  of 
speed  change  in  the  usual  design  of  tools,  but  is  it  necessary 
for  the  operator  to  waste  time  in  this  direction  ? 

The  design  of  machine  tools  has  been  such  that  each  is 
capable  of  doing  the  work  economically  between  determined 
limits  for  which  it  was  intended. 

It  would  seem  that  the  ineconomy,  if  any,  would  result 
more  from  a  waste  of  time  only  when  the  tool  is  operated 
wholly  out  of  its  range;  for  it  appears  that  each  machine  is 
designed  to  take  care  of  the  work  within  certain  increments  of 
speed.  This  being  the  case,  it  is  evident  that  the  output  does 
not  depend  so  much  upon  a  certain  speed,  but  largely  upon 
the  quality  and  temper  of  cutting  tool,  depth  and  width  of 
cut,  grinding  and  setting  of  tool,  and  upon  the  manner  in 
which  power  is  applied. 

Output  may  be  expressed  by  weight  of  metal  removed  by 
cutting  tool  per  kilowatt  hour. 
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It  may  interest  many  to  learn  that  the  economical  output 
is  dependent  mostly  upon  the  speed  and  upon  the  quality  and 
temper  of  cutting  tool  which  governs  the  speed. 

The  general  construction  of  machine  tools  has  been  much 
the  same  for  years,  but  with  added  improvements  from  time 
to  time,  which  have  largely  increased  the  ease  of  operating  and 
efficiency,  the  essential  features  of  design  have  been  such  as 
to  fulfill  requirements. 

Many  tools  require  but  one  speed,  while  a  few,  such  as 
boring  mills,  radial  drills  and  lathes  are  best  operated  by 
variable  speed  changes. 

In  practice  the  speeds  obtained  by  the  use  of  cone  pulleys 
and  gears  on  lathes  and  drills  are«n  general  sufficient;  but  for 
large  boring  mills  a  full  range  of  speed  between  limits  fixed 
by  the  size  of  machine  is  desirable  to  accommodate  extreme 
and  constantly  varying  radii  of  cutting  tool.  The  Reeves' 
pulleys,  the  most  effective  device  of  its  class,  is  designed  to 
give  such  a  speed  range. 

The  most  practical  conditions  of  machine  tool  operation 
have  been  determined  from  years  of  experience,  and  variable 
speed  devices  employed  are  such  as  to  give  satisfactory  results. 
Otherwise  builders  would  have  incorporated  in  their  designs 
much  better  ranges  of  speed. 

With  little  alteration  in  the  construction  of  tool  add  the 
proper  mechanical  speed  changing  device  where  necessary,  and 
apply  the  constant  speed  electric  motor  as  a  drive. 

For  this  purpose  the  alternating  current  induction  motor, 
a  mechanically  simple  machine,  is  admirably  adapted. 

The  quality  and  temper  of  cutting  tool  and  material  to  be 
worked  are  limiting  conditions  of  its  speed,  which  is  inversely 
proportional  to  weight  of  metal  removed;  so  that  for  any 
reasonable  speed  obtained  by  speed  change,  is  an  equivalent  to 
cutting  speed  results,  by  properly  adjusting  the  feed  of  tool 
and  size  of  cut,  or  is  the  removable  of  as  much  metal  as  will 
still  maintain  the  inherent  properties  of  the  tool. 
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Consider  a  lathe  having  cone  pulleys  in  which  it  is  pro- 
posed to  turn  off  a  cylinder  of  cast  iron,  and  it  is  found  that 
the  nearest  to  customary  speed  on  one  step  of  cones  is  a  little 
fast,  and  on  adjacent  step  a  little  slow  for  usual  cut. 

A  compensation  may  be  made  here  by  running  on  each 
speed  with  its  maximum  cut,  both  runs  producing  a  like  result, 
which  is  equivalent  to  having  a  middle  speed  from  a  variable 
speed  motor  or  otherwise,  and  a  cut  the  average  of  former  two. 
Or  the  products  of  spee^,  times,  size  of  cut  or  weight  of 
metal  removed,  in  each  (»f  the  three  cases  are  equal  and 
represent  the  work  done,  or  weight  of  metal  removed  per 
kilowatt  hour,  when  reduced  to  these  units. 

The  work  done  depends  largely  upon  the  quality  and 
temper  of  cutting  tool,  and  if  these  properties  be  increased, 
the  speed  can  be  increased  proportionately  with  corresponding 
increase  of  output. 

It  is  quite  possible  to  obtain  these  results  to  a  marked 
degi*ee,  and  time  only  will  reveal  the  fact. 

Change  of  «peed  for  the  most  part  is  made  to  accommo- 
date the  different  cutting  radii  between  practical  limits,  and 
are  designed  to  suit  conditions  of  machine  operation. 

PAPER  BY  MK.  G.  E.  FLANAGAN. 

It  sometimes  happens  that  an  appliance  developed  for  a 
special  service  exhibits  certain  general  characteristics  which 
render  it  useful  in  various  ways  other  than  those  for  which  it 
was  intended.  The  improved  form,  standardized  type,  and 
comparatively  low  cost  of  the  modern  street  car  motor — advant- 
ages  which  have  been  attained  through  the  great  demand  for 
car  service — have  rendered  this  form  of  electrical  machine  avail- 
able for  many  purposes  besides  that  for  which  it  was  originally 
designed.  Prominent  among  these  is  the  electric  traveling 
crane,  the  requirements  of  which  are  in  many  respects  similar 
to  street  car  service;  some  of  the  demands  common  to  both  be- 
ing  powerful  starting  torque,  capacity  for  enduring  an  over- 
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load  for  a  short  time,  and  close  speed  regulation  under  varying 
loads  by  means  of  controlling  rheostats.  These  qualities  are 
exhibited  to  perfection  in  the  series  wound  machine,  of  which 
the  street  car  motor  is  a  leading  type,  the  speed  of  which  is 
governed  to  a  great  nicety  by  the  introduction  of  a  variable 
resistance  in  series  with  the  motor.  This  motor  will  run 
fast  or  slowly  according  to  the  work  it  is  doing,  in  fact  its  ro- 
tative speed  will  increase  until  the  armature  destroys  itself  if 
the  load  is  removed  and  no  resistance  placed  in  circuit  to  cor- 
respondingly decrease  the  flow  of  current.  The  motor  is  gear- 
ed so  that  its  normal  speed  under  the  given  load  will  closely  ap- 
proximate what  is  desired  for  the  longest  runs,  and  the  speed 
naturally  falls  when  the  load  increases;  while  for  decreasing 
loads  and  for  starting,  the  controlling  resistance  is  introduced 
into  the  circuit.  The  motor  quickly  attains  its  normal  speed, 
corresponding  to  the  load,  and  the  counter  electromotive  force 
set  up  automatically  reduces  the  current,  allowing  the  resist- 
ance introduced  for  this  purpose  to  be  cut  out.  The  impres- 
sion still  prevails  in  some  quarters  that  this  method  of  control 
costs  as  much  as  running  the  motor  under  full  load,  but  this 
is  by  no  means  the  case.  When  the  speecl  falls  under  the  in- 
fluence  of  the  load,  the  motor  is  taking  additional  current  for 
the  reason  that  the  counter  electromotive  force  becomes  weak- 
er, and  there  is  less  internal  resistance.  When  outside  resist- 
ance is  placed  in  circuit,  the  reverse  is  the  case;  the  sum  of  the 
electrical  energy  then  taken  by  the  motor  and  that  wasted  by 
the  resistance  coils  is  only  a  fraction  of  what  is  required  for 
full  load. 

The  electro-magnetic  brake  is  an  important  feature  of  all 
cranes.  Starting  the  motor  releases  these  brakes,  while  the 
instant  the  current  is  cut  off  the  brake  applies  itself. 

The  application  of  street  car  motors  to  the  driving  of  mill 
tables  is  another  instance  of  their  usefulness,  replacing  in  this 
service  a  very  uneconomical  type  of  reversing  engines.  These 
engines  are  so  constructed  as  to  be  very  extravagant  in  the  use 
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of  steam,  every  refinement  being  sacrificed  to  simplicity  and 
the  ability  to  withstand  abuse.  The  street  car  motor  attains 
these  desirable  features  at  a  less  cost.  It  is  strongly  construct- 
ed, of  the  inclosed  type,  practically  dirt  proof,  and  will  work 
with  a  minimum  of  care  and  attention.  For  this  reason  they 
are  especially  suitable  for  mill  tables,  foundry  cranes,  or  for 
use  in  other  places  where  a  defence  must  be  made  against  dust 
and  dirt.  The  lifting  tables,  or  tiling  tables  used  in  connec- 
tion with  three-high  mills  have  generally  been  driven  by  a  small 
reversing  engine  through  a  system  of  gears,  including  a  float- 
ing idle  wheel  carried  on  a  pair  of  lever  arms  pivoted  to  a  fixed 
shaft  and  to  the  side  shaft  on  the  table.  This  gear  train  can 
be  dispensed  with  by  attaching  the  motor  directly  to  the  mov- 
ing table,  the  power  transmission  then  being  electrical  through 
the  wire,  in  place  of  mechanical  through  gearing. 

For  working  under  a  fixed  load  where  a  uniformity  of 
speed  is  desirable,  the  shunt  wound  motor  is  available,  while 
the  compound  wound  machines  combine  some  of  the  advant- 
ages of  both  the  other  types. 

That  a  small  motor  is  a  readily  portable  machine  is  a  fact 
which  is  becoming  fully  appreciated.  The  connections  for 
power  transmission  are  easily  and  quickly  made  at  a  very  slight 
expense.  That  the  cleaner  and  cooler  the  machine  is  kept  the 
better  will  be  the  result  is  also  well  known,  but  this  knowledge 
is  not  always  acted  upon;  while  the  attempt  to  keep  an  open 
field  type  of  motor  clean  by  covering  it  with  a  wooden  box  has 
several  times  proved  disastrous,  although  this  may  be  done 
where  the  motor  runs  intermittently.  A  motor  in  use  gives  oflf 
considerable  heat  and  this  must  be  dissipated,  by  air  currents 
or  otherwise,  while  radiation  should  be  free  and  unobstructed. 

The  President — Mr.  W.  F.  Lamme  expected  to  be 
present  this  evening.  He  has  been  abroad  during  the  past 
year,  and  in  that  time  has  visited  the  steel  works  at  Antwerp. 
These  works  have  been  equipped  with  an  alternating  current 
plant  and  one  of  the  notable  features  is  that  heavy  rolls  are 
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operated  by  motors — some  of  350  and  some  of  425  H.P.  It 
is  a  little  notable  that  the  first  large  rolls  driven  by  motors 
have  been  by  motors  which  come  from  Pittsburg,  right  in  the 
midst  of  our  steel  and  iron  work,  and  have  gone  into  a  mill  in 
Antwerp. 

The  subject  is  open  for  general  discussion  and  there  should 
be  a  number  here  who  can  contribute  points  of  interest. 

A  Member — There  is  one  point  which  strikes  me  has  not 
been  touched  upon.  Suppose  we  have  a  shop  which  contains 
a  great  many  small  machines.  Is  it  cheaper  to  drive  each  ma- 
chine individually  with  a  small  motor  or  put  up  shafting  and 
drive  the  shaft  by  motor  ?  I  believe  every  one  who  knows 
anything  about  it  at  all  knows  that  motors  are  considerably 
more  economical,  so  far  as  the  consumption  of  power  goes, 
than  shafting,  but  when  we  get  down  to  small  motors  the 
efficiency  decreases.  In  other  words,  a  two  horse-power  mo- 
tor does  not  cost  us  double  what  a  one  horse-power  does.  The 
whole  matter  seems  to  me  to  come  down^  to  a  case  of  fuel. 
Some  concerns  in  the  east  have  put  in  a  number  of  small  mo- 
tors as  low  as  one-third  H.P.,  and  as  the  cost  of  fuel  there  is 
quite  high  they  effect  quite  a  saving.  I  think,  however,  it 
would  be  poor  engineering  to  do  that  here  where  fuel  is  cheap. 

There  is  another  point  which,  it  seems  to  me,  has  not 
been  touched  upon,  and  that  is  the  question  of  the  application 
of  motors  to  pumps.  I  noted  in  one  of  the  papers  the  state- 
ment made  that  hoisting  engines  used  150  lbs.  of  steam  per 
H.P.  per  hour.  This  is  not  at  all  remarkable.  I  have  seen 
pumps  use  as  high  as  300  lbs.  on  tests.  If  a  H.P.  costs 
$60.00  per  year,  which  I  think  is  a  fair  average,  you  might 
have  $500.00  per  year  cost  of  this  pump  if  it  used  30  H.P. 
If  a  motor  uses  150  to  200  lbs.,  I  believe  it  would  cost  $3,- 
000. 00  a  year  to  run  the  pump.  A  number  of  pumps  on  a 
plant  are  (juite  wasteful.  I  believe  there  is  quite  a  field  here 
for  applying  the  motor  in  place  of  the  steam  cylinder — by  a 
direct  connected  pump — driving  by  motor  as  electricity  is  com- 
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you  will  find  the  eflSciencj  of  the  motor  is  much  reduced  when 
you  get  down  to  the  small  sizes. 

Membeb — It  seems  to  me  more  a  question  of  fuel.  You 
know  the  first  cost  and  you  know  the  depreciation,  and  you 
know  the  cost  of  repairs.  It  is  a  mere  matter  of  figuring  out 
your  fuel  bill.  There  have  been  a  good  many  tests  published 
during  the  past  year  by  the  American  Society  of  Mechanical 
Engineers  covering  the  efficiency  of  small  motors.  It  is  some- 
thing you  can  sit  down  and  figure  out  to  a  certainty. 

The  Pbesident — A  gentleman  who  has  had  a  great  deal 
to  do  with  the  practical  use  of  motors  from  an  engineering 
standpoint  is  Mr.  P.  N.  Jones,  who  has  just  come  into  the 
Society. 

Mb.  Jones — I  am  but  a  baby  in  the  Society  as  yet,  and  I 
hardly  expected  to  have  anything  to  say  to-night.  I  think  the 
question  of  motors  has  been  very  thoroughly  discussed.  There 
is  only  one  point  that  I  think  of,  and  that  is  in  regard  to  the 
different  types  of  winding.  I  do  not  think  these  types  are  se- 
lected as  they  should  be,  especially  for  some  classes  of  mill 
work.  1  find  in  use  series  wound  motors  having  controllers 
for  running  in  one  direction  continuously;  and  for  roll-table 
work  compound  wound  motors  are  much  better,  because  the 
series  motor  has  been  easy  to  gear  up  to  anything  they  have 
been  in  the  habit  of  making  use  of  them.  The  compound  mo- 
tor is  like  the  throttling  engine  with  governor  which  permits 
the  speed  to  drop  when  the  load  comes  down,  and  like  the  en- 
gine, has  a  speed  above  which  it  can  let  go.  This  is  the  only 
suggestion  I  have  to  offer. 

Mb.  Flint — In  connection  with  the  rather  indefinite  sub- 
ject of  the  distribution  of  power  by  means  of  electric  motors, 
I  would  like  to  call  attention  to  a  plant  which  I  saw  two  years 
ago  in  Franklin,  where  they  have  two  125  H.P.  gas  engines  in 
their  power  house,  and  distribute  power  to  a  great  many  small 
machines  around  through  quite  a  large  sized  factory.  I  re- 
member one  instance  which  came  especially  to  my  attention 
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as  the  open  type  motor.  Recently  I  received  a  letter  from 
the  Westinghouse  Company  in  regard  to  this  matter.  It  was 
a  question  of  drive  in  a  galvanizing  plant — either  steam  or 
electric.  In  this  plant  we  have  a  very  damp  place  ;  also  fumes 
from  the  acid  vats.  I  had  asked  if  a  dust  proof  motor  would 
be  practical  in  this  installation  and  if  they  could  be  thoroughly 
^protected ;  and  was  advised  that  such  a  motor  entirely  enclos- 
ed would  be  cut  down  in  efficiency  about  30  per  cent.  The 
consequence  was  that  I  placed  the  motor  outside  of  the  build- 
ing and  used  an  open  type  machine.  Is  it  a  fact  that  the 
efficiency  of  the  closed  type  motor  is  less  than  the  open  type. 

A  Member — I  think  I  wrote  that  letter.  I  merely  stated 
that  a  30  H.  P.  motor  would  give  about  18  H.  P.  if  entirely 
enclosed. 

The  President — In  other  words,  the  motor  would  have 
to  be  run  at  a  less  out- put  and  with  a  less  production  of  heat 
in  order  not  to  get  it  too  hot.  The  out-put  of  a  certain  size 
would  be  reduced,  but  the  efficiency  would  not  be  materially 
different. 

The  President — Mr.  Dick  has  given  some  attention  to 
this  subject. 

Mr.  Dick — Perhaps  a  word  may  not  be  out  of  place  re- 
garding motors  for  machine  tool  drive.  So  far  as  the  kindr^  of 
motors  are  concerned,  manufacturers  are  prepared  to  furnish 
either  variable  speed  motors  or  constant  speed  for  use.with- 
some  form  of  mechanical  speed  changing  device  as  the  custo 
mer  may  prefer.  I  believe,  however,  that  the  present  tenden- 
cy is  more  and  more  towards  the  variable  speed  motor.  I  do 
not  think,  however,  that  any  fixed  rule  can  be  laid  down  for 
all  classes  of  work.  Each  motor  or  type  of  motor  has  a  class 
of  work  to  which  it  is  best  suited.  A  careful  study  of 
conditions,  kind  of  work,  etc.,  in  any  installation,  must  deter- 
mine what  is  most  suitable  for  that  particular  installation. 

Mr.  Duncan  in  his  paper  read  to  night,  speaks  of  the  diffi- 
culty of  getting  a  variation  in  speed  with  direct  current  motors. 
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We  have  no  trouble  in  doing  this  ;  in  fact,  are  doing  it  every 
day.  It  is  done  by  varying  the  shunt  field  strength  and 
with  a  properly  .designed  motor,  the  results  are  admirable. 
By  using  this  method,  which  is  the  one  giving  the  most  effi- 
cient performance,  a  variation  in  speed  of  3  to  1  can  .be  readily 
obtained  on  a  single  voltage  circuit.  If  a  greater  variation 
than  3  to  1  is  required,  2  voltages  are  used,  obtained  from  a  8 
wire  system,  giving  usually  110  and  220  volts.  With  the  2 
voltages  a  range  of  6  to  1  can  be  obtained.  The  motor  is  first 
started  on  the  lower  voltage  and  speeded  up  to  a  certain  limit 
by  changing  the  shunt  field  current.  Then  the  motor  is  switch- 
ed over  to  the  higher  voltage  and  further  increase  the  speed 
to  the  desired  limit  obtained  by  again  changing  the  shunt  field 
current.  It  is  also  possible,  equally  as  well,  where  3  wire  cir- 
cuits are  not  available,  to  use  a  motor  with  two  commutators 
and  obtain  a  speed  variation  of  from  6  to  1.  In  case  a  still 
greater  variation  is  necessary,  a  range  of  9  to  1  can  be  obtain- 
ed by  using  a  2  commutator  machine  on  a  3  wire  system.  A 
speed  variation  of  6  to  1,  however,  seems  to  meet  the  usual 
requirements  of  machine  tool  drive. 
Meeting  adjourned  at  10:60  P.  M. 

C.    W.  KiDINGEK, 

Secretary. 
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CHEMICAL  SECTION. 

The  regular  monthly  meeting  of  the  Chemical  Section  was 
held  Thursday  evening,  April  17th,  1902,  in  the  rooms  of  the 
Society,  the  chairman,  Dr.  K.  F.  Stahl,  presiding. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

For  the  Committee  on  Chemical  Literature,  Mr.  Mohr 
read  a  paper  translated  from  the  German,  published  in  ^^Stahl 
und  Eisen''  on  the  ''Composition  of  Blast  Furnace  Slags.'' 

The  paper  of  the  evening,  on  ''Methods  of  Glass  Analy- 
sis, "  by  E.  C.  Uhlig,  was  then  read. 

THE  ANALYSIS  OF  GLASS. 

BY  EDW.  e.  UHLIG. 

Determination  of  Si  O^  AI,  O,  Fe,  O,  Ca  O  Mg  O. 

Finely  pulverize  about  5  grams  of  the  glass,  first  crushing 
it  in  ^  steel  mortar,  and  after  removing  with  a  magnet  any 
particles  of  steel,  finish  the  pulverization  in  an  agate  mortar. 
The  powder  must  contain  no  gritty  particles  and  must  feel 
almost  like  flour  when  rubbed  between  the  thumb  and  finger. 

Place  the  powder  in  a  porcelain  capsule,  and  allow  to  re- 
main in  an  air  bath  at  a  temperature  of  llO^C  for  about  a  half 
hour.     Transfer  to  a  tightly  stoppered  glass  tube. 

Weigh  out  1  gram  and  mix  in  a  platinum  crucible  with  5 
grams  of  a  flux  composed  of  7  parts  K,  CO,  and  5  parts  Na^ 
CO3.  Fuse  over  a  bunsen  burner,  and  when  the  fusion  is  liquid 
with  no  more  CO^j  bubbles  escaping,  grasp  the  crucible  with  the 
tongs,  and  carefully  place  it  in  cold  water  to  about  one-half  of 
its  height.  This  will  cause  the  fused  mass  to  shrink  away  from 
the  sides  of  the  crucible,  and  render  easy  its  removal  with  the 
aid  of  a  glass  rod. 

When   the   crucible   and   contents    are    thoroughly    cool. 


THE  ANALYSIS  OF  GLASS.  196 

V 

transfer  the  button  to  a  500  c.  c.  porcelain  casserole,  and  add 
enough  water  to  cover  it.  Fill  the  crucible  with  dilute  H  CI. 
(1  in  3),  keeping  the  cover  on,  pour  contents  into  a  100  c.  c. 
beaker,  and  wash  out  the  crucible  with  hot  water,  allowing  the 
washings  to  run  into  the  beaker. 

Cover  the  casserole  with  a  watch  glass,  and  pour  in  the 
contents  of  the  beaker,  keeping  the  casserole  covered  to  avoid 
loss  by  effervesence.  Add  sufficient  concentrated  H  CI.  to 
dissolve  the  fused  mass,  and  heat  gently  until  effervescence  has 
ceased.  If  the  glass  has  been  sufficiently  pulverized,  the  fused 
mass  will  dissolve,  and  no  flocculent  silica  will  be  discernible. 

Evaporate  to  a  pasty  condition  on  a  water  bath.  Kemove 
from  the  bath  and  break  up  the  pasty  mass  with  a  glass  rod 
flattened  at  one  end  like  a  spatula.  Place  again  on  the  water 
bath  and  continue  heating  with  occassional  turning  over  of  the 
mass  with  the  glass  spatula,  until  the  mass  is  nearly  dry.  Then 
grind  up  with  a  glass  pestle,  and  continue  grinding  until  the 
mass  is  about  as  fine  as  granulated  sugar.  Place  the  casserole 
covered,  and  containing  also  the  pestle  and  spatula  in  an  air 
bath,  and  heat  at  120°  C.  until  no  odor  of  H  CI.  can  be  per- 
ceived.    This  will  usually  take  about  half  an  hour. 

It  is  very  important  to  observe  the  above  directions  re- 
garding the  stirring  or  breaking  up  of  the  pasty  mass  in  order 
to  insure  the  complete  removal  of  the  H  CI.  and  dehydration 
of  the  silica.  If  the  mass  is  not  well  ground,  the  H  CTl  will 
sometimes  remain,  even  after  prolonged  heating  at  120^  C. 

Hemove  casserole  from  the  air  bath,  and  when  cool  add 
about  160  c.  c.  dilute  H  CI.  (1  in  3),  add  a  drop  of  H  NO,, 
stir,  wash  off  the  pestle  and  glass  spatula  with  hot  HgO  and  re- 
move them.     Filter  and  wash  with  hot  H^O. 

If  all  of  the  above  operations  have  been  carefully  per- 
formed, the  filtration  will  be  rapid  and  complete.  It  will  not 
be  necessary  to  use  a  filter  pump.  Continue  n  ashing  with  hot 
HjO,  until  the  last  drops  running  through  give  no  reaction  with 
Ag  NO,. 
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Dry.  ignite  and  weigh  in  a  platinum  crucible.  Treat  the 
contents  with  H,SO^  and  H  F.,  ignite  over  a  blast  lamp,  cool 
and  weigh  again.     The  difference  is  Si  O^. 

If  any  residue  is  left  in  the  crucible,  dissolve  it  in  H  CI., 
and  add  solution  to  the  filtrate  from  the  Si  O,. 

Divide  the  filtrate  into  two  equal  parts,  make  slightly 
alkaline  with  N  H^  O  H.,  boil  gently  and  filter  off  the  pre- 
cipitated aluminum  and  ferric  hydroxides.  Dry,  ignite  and 
weigh  the  contents  of  one  filter.  This  will  give  the  weight  of 
the  AI3  O3  +  Fe,  O3. 

Dissolve  the  contents  of  the  other  filter  in  dilute  H^  SO^ 
(1  in  i),  and  allow  the  solution  to  run  into  a  100  c.  c.  Ehlen- 
meyer  flask,  wash  filter  twice  with  hot  water  into  same  flask. 

Place  a  strip  of  platinum  foil  in  the  flask,  in  contract  with 
a  piece  of  C.  P.  amalgamated  zinc,  and  allow  to  stand  about  an 
hour.  Empty  the  flask  into  a  250  c.  c.  beaker,  and  wash  out 
flash  with  cold  water  into  the  beaker.  Titrate  with  a  solutiou 
K.  Mn.  O^,  each  c.  c.  of  which  equals  one  milligramme  Fe. 
Calculate  to  Fe^  0^.     SuDtract  weight  of  Fe,  O3  from  weight  of 

-^^2  ^8  +  -^^8  ^8'  ^^  S®^  weight  of  Alj  O^,  it  is  well  to  reduce 
an  equal  volume  of  water  and  H,  SO^,  and  titrate  also,  and  ap- 
ply as  a  correction  to  volume  of  K  Mn  O^  used. 

Combine  the  filtrates  from  the  above  precipitations,  make 
strongly  alkaline  with  N  H^  OH.  Boil,  and  while  still  boiling, 
add  about  15  c.  c.  of  a  boiling  saturated  solution  of  am- 
monium oxalate,  continue  boiling  and  stir  for  a  few  minutes, 
allow  to  settle. 

The  precipitated  calcium  oxalate  will  come  down  in  a 
granular  state,  and  filter  easily,  without  running  through  the 
filter  paper. 

Filter  and  wash  with  hot  water. 

Remove  the  beaker  containing  the  filtrate,  and  place  a  500 
c.  c.  flask  beneath  the  funnel.  Make  a  hole  in  the  filter  paper, 
and  wash  the  calcium  oxalate  into  a  flask.  Place  the  filter 
paper  into  a  flask,  and  add  about  200  c.  c.  hot  H,  O.     Care- 


THE  ANALYSIS  OF  GLASS.  197 

fully  add  10  c.  c.  concentrated  H,  SO^,  shaking  flask  at  each 
addition  of  the  acid. 

Titrate  with  a  solution  of  K  Mn  O^,  one  c.  c.  of  which  is 
equivalent  to  .028  gms.  Ca  O. 

Evaporate  filtrate  from  calcium  oxalate  preciptation  to 
about  150  c.  c,  adding  a  little  H  N  O3  to  get  rid  of  N  H^ 
CI.  Allow  to  cool,  add  about  10  c.  c.  of  a  saturated  solution 
of  sodium  phosphate,  make  strongly  alkaline  with  N  H^  O  H. 
Stir  well,  and  allow  to  stand  over  night. 

Filter  and  wash  with  dilute  N  H^  O  H.  (1  in  10) ,  dry  in 
an  air  bath,  and  ignite  in  a  porcelain  crucible.  Allow  to  cqoI. 
Add  a  drop  of  strong  H  N  O3,  ignite  again  until  white,  cool 
and  weigh  as  Mg^  P^  O^.     Calculate  to  Mg  O. 

Determination  of  K^  O  and  Na,  O. 

Weigh  1  gram  of  the  glass  powder  into  a  100  c.  c. 
platinum  dish.  Add  enough  water  to  cover  the  powder,  and 
cautiously  add  H  F  drop  by  drop,  until  effervescence  ceases, 
and  the  powder  is  dissolved.  Add  about  one  half  a  c.  c.  of 
concentrated  H,  SO^,  and  evaporate  on  a  sand  bath  until  dry. 
Heat  over  a  bunsen  burner  to  drive  oflf  free  H,  SO^,  and  bring 
to  a  dull  red  heat. 

Dissolve  in  dilute  H  CI  (1  in  2),  add  a  drop  of  H  N  O,, 
boil,  and  when  boiling  add  about  10  c.  c.  Ba  CI,,  filter  and 
wash  with  hot  water.  This  will  remove  the  SO^  from  the 
solution,  leaving  the  alkalies  present  as  chlorides. 

Make  filtrate  alkaline  with  N.  H^  OH,  and  add  about  10 
c.  c.  (N  HJ  jCO,.  Filter  and  wash  with  hot  water.  This  pre- 
cipitation removes  the  Al,  Fe,  Ba,  Ca,  and  part  of  the  Mg. 

Evaporate  filtrate  to  dryness  in  a  platinum  dish,  and  ignite 
to  drive  off  all  N  H^  CI. 

Redissolve  in  H^  O,  and  add  about  5  c.  c.  (N  HJ^  CO,. 
Filter  and  wash  with  hot.  water. 

This  precipitation  removes  the  remainder  of  the  Mg,  and 
leaves  only  the  alkalies  present  as  chlorides.     Evaporate  the 
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filtrate  to  dryness  in  a  weighed  platinum  dish,  ignite  gently, 
cool  and  weigh,  the  difference  is  K  CI  +  Na  CI. 

Redissolve  in  water,  and  add  about  5  c.  c.  of  solution  of 
HjP  +  CI  J,  evaporate  in  a  porcelain  dish  on  a  water  bath  until 
nearly  dry.  Remove  from  water  bath  and  allow  to  dry  spon- 
taneously. Redissolve  in  dilute  alcohol  (1  to  1)  and  filter 
through  counterbalanced  papers  or  Gooch  crucible.  Wash  with 
dilute  alcohol  (1  to  1)  until  the  washings  are  colorless,  dry  at 
100^  C,  cool  and  weigh  as  K^P  +  CI,.  Calculate  to  K,  O 
and  K  CI.  Subtract  weight  of  K  CI  from  weight  of  K  CI 
-f   Na  CI  found  above,  and  calculate  Na  CI  to  Na^O. 

DISCUSSION. 

Mr.  Linton — It  is  to  be  regretted  that  Mr.  Uhlig  has  not 
gone  further  in  his  paper.  Hi6  directions  cover  the  analysis  of 
only  the  simplest  varieties  of  glass — alkali-lime  varieties,  fol- 
lowing the  general  methods  in  use  for  all  silicate  analysis. 
Other  varieties,  for  instance  those  which  contain  boron, 
fluorine,  or  phosphates  along  with  the  silicates,  present  more 
difliculty.  Accurate  methods  for  the  analysis  of  such  would 
be  of  considerable  value. 

Mr.  Kemkrt — Is  not  lead  of  very  frequent  occurrence  in 
glass  ? 

Mr.  Linton — Yes,  it  is  one  of  the  principal  bases  of  all 
fine  flint  and  optical  glass.  Barium  and  zinc  are  also  used  to  a 
considerable  extent.  There  is  of  course  no  particular  difliiculty 
in  determining  these.  I  was  at  one  time  anxious  to  get  a  good 
method  for  the  determination  of  boron,  which  occurred  in  con- 
siderable quantity  in  a  sample  of  jena  glass  I  was  analyzing.  I 
looked  up  a  number  of  methods  and  selected  three  that  I 
thought  would  be  most  suitable.  The  ones  I  tried  were  :  (1)  . 
That  of  F.  A.  Gooch,  in  which  boric  acid  is  distilled  with 
methyl  alcohol  as  methyl  borate  and  then  added  to  a  previously 
weighed  quantity  of  Ca  O,  and  heated  to  constant  weight,  the 
increase  in  weight  giving  the  B^  O^,.     (2)  The  method  of  E.  F. 
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Smith,  in  which  the  boric  acid  is  precipitated  by  sulphate  of 
manganese,  in  presence  of  excess  of  alcohol,  as  manganese 
borate.  The  quantity  of  manganese  sulphate  used  being 
known,  and  the  excess  titrated  with  potassium  iodide  and  thio- 
sulphuric  acid,  the  amount  of  manganese  borate  can  be  deter- 
mined and. the  B,  O,  calculated.  (3)  The  method  of  Moi*8e 
and  Burton,  in  which  the  borate  solution  is  absorbed  by 
anhydrous  copper  sulphate,  the  boric  acid  extracted  by  alcohol 
and  added  to  a  knownjquantity  of  barium  hydrate  in  solution. 
The  excess  of  barium  hydrate  is  precipitated  by  carbonic  acid, 
the  mixture  of  barium  carbonate  and  borate  dried  and  heated 
to  constant  weight.  From  the  difference  between  the  weight 
found  and  the  weight  of  all  the  barium  as  carbonate,  the  B,  O, 
can  be  calculated.  I  had  no  success  in  getting  accurate  results 
with  any  of  these  methods,  the  last  one  being,  however,  the 
most  satisfactory  of  the  three. 

Mb.  Walters — 1  thing  the  boron  could  be  determined  as 
boro-fluoride  of  calcium. 

Mb.  Linton — Mr.  W.  E.  Garrigues  once  proposed  to  fuse 
the  borate  glass  with  Na^  Co,,  dissolve  in  water  and  divide  the 
solution.  In  the  one  portion  determine  total  alkali  and  silica. 
Dry  and  weigh  the  other  portion  after  ignition,  then  dissolve 
and  deteimine  Co^.  The  weight  of  the  second  portion  less 
Na,  O,  Co,  and  Si  O,  gives  the  B,  O,. 

Pkof.  Phillips — What  method  do  you  use  in  determin- 
ing arsenic  in  glass? 

Mb.  Linton — I  have  always  used  the  method  of  precipi- 
tation with  H,  S,  dissolving  in  ammonia,  precipitation  with 
magnesia  mixture,  weighing  the  precipitate  after  ignition  as 
Mg,  As,  O,. 

Mb.  K^meby — How  is  fluorine  determined  in  glass  where 
it  is  present  ? 

Mb.  Linton — Like  the  boron  determination,  I  have  never 
found  a  satisfactory  method,  although  I  have  never  gone  into 
the  matter  very  thoroughly.     It  seems  to  me  quite  possible 
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that  in  the  fusion  of  such  glass,  tetra-fluoride  of  silicon  could 
be  formed  and  volatized,  which  would  render  the  results  in- 
accurate. 

On  motion,  the  Section  adjourned  at  10  P.  M. 

Chas.  H.  Kich,  Sec'y. 


ALFRED  E.  HUNT, 
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The  two  hundred  and  Iwenty-fiflh  regular  monthly  meet- 
ing of  the  Engineers'  Society  of  Western  Pennsylvania,  was 

held  in  the  lecture  room  of  the  Society's  house,  410  Penn.  Ave., 

• 

Pittsburgh  Pa.,  Tuesday  evening.  May  20,  1902,  at  8  o'clock, 
with  the  President,  Mr.  Charles  F.  Scott,  in  the  chair,  and 
ninety-three  members  and  visitors  present. 

The  minutes  of  the  proceeding  meeting  were  read  and 
approved. 

The  Board  of  Direction  reported  the  names  of  ten  appli- 
cants for  membership  that  had  been  approved,  and  would  be 
voted  on  at  the  next  regular  meeting. 

The  following  persons  were  then  balloted  for  and  duly 
elected  to  membership. 

NAME  OCCUPATION  AND  ADDBIS8.  ENDOR8KD  BY 

CHARLES  F.  ALBRECHT.  {  gjfaSw! Ridinger- 

Superintendent  Painter  Mills,  American  Steel  Hoop  Co.,  PltUburph,  Pa. 

h.  525  Avery  Street,  Pittsburg,  Pa.* 

THOMAS  J.  BRAY,  JR.,  {  g'^'^l^X^' 

Chief  Engineer  of  United  Engineering  &  Foundry  Co..  Fifty-fourth  street 

and  A.  V.  R.  R..  Pittsburg,  Pa. 

ELLIAS  CHESROWN.  {  ^^;g^^T&. 

Salesman  for  Westinghouse  Electric  &  Manufacturing  Co  .  East  Pittsburg,  Pa., 
h.,  249  South  St.  Clair  Street,  Pitti^burgh,  Pa. 

GEORGE  G.  CRAWFORD,  {  w'"h^cS^^^*"^' 

Manager  National  Department,  National  Tube  Co.,  McKeesport,  Pa. 

ALEX  WILSON  CROUCH,  |  ^^^^  m\^n^^^' 

Manager  Dearborn  Drug  &  Chemical  Works,  TX  Park  Building,  Pittsburgh,  Pa. 

EDWARD  J.  DITTMAR.  {  ?{.S^^S„^,. 

Assistant  Sui)erintendcnt  American  Steel  Hoop  Co.,  Painter  Mills,  Pittsburgh,  Pa., 

h..  Crafton,  Pa. 
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Mr.  Albree — Under  the  item  of  new  business  I  suppose 
the  Charter  and  new  By-Laws  will  come  up.     The  Charter  and 
By-Laws  which  we  have  prepared  are  the  result  of  a  great 
deal  of  work  by  the  original  committee,  and  latter  of  the  pres- 
ent Board  of  Directors.      The  old  and  the  new  committees  are 
in  perfect  accord  on  the  various  sections  and  items  and  we 
present  this  new  list  of  By-Laws  for  the  adoption  of  the  Society, 
with  the  decided  recommendation  that  it  be  passed  in  its  pres- 
ent form  by  the  members,  and  in  behalf  of  those  who  are  con- 
cerned in  working  over  the  By-Laws,  I  move  that  the  By- 
Laws  as  set  forth  in  the  little  pamphlet  I  have  here,  be  accept- 
ed and  hereafter  be  the  By-Laws  of  this  Society.     The  Charter, 
of  course  we  cannot  change,  it  being  fixed. 

Mr.  Engstrom — We  have  with  us  now  quite  a  number  of 
new  members  who,  by  reason  of  their  having  joined  our 
Society  recently,  are  not  entirely  familiar  with  the  work  that 
has  been  done  in  this  matter,  and  I  think  therefore,  a  short 
review  of  the  history  of  the  case  is  due  them,  and  with  your 
permission  I  will  make  it  as  short  as  possible.     ' 

Some  time  ago,  the  Board  of  Direction  came  to  the 
conclusion  that  our  Society  should  have  a  new  constitution. 
A  committee  was  appointed  to  consider  matters.  This 
committee  spent  a  great  deal  of  work  and  thought  upon 
it,  and  sent  in  a  draft  which  was  ordered  printed  and 
taken  up  for  discussion.  The  discussion  was  taken  up 
in  this  manner  :  They  started  from  the  beginning,  taking 
up  paragraph  by  paragraph,  and  section  by  section,  dis- 
cussing thoroughly  and  changing  each  where  they  thought 
it  could  be  improved.  Each  section  was  passed  con- 
ditionally upon  a  final  vote  on  the  whole  thing,  when 
we  finished  it.  This  was  in  the  spring  of  the  year,  and 
that  discussion  occupied  our  time  for  several  evenings  at  both 
the  regular  meetings  and  the  special  meetings  held  for  that 
purpose.  Time  rolled  on  until  summer  came  with  its  scorch- 
ing heat  and  as  a  matter  of  necessity  the  number  of  members 
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at  the  meeting  thinned  out  more  and  more  until  I  remember 
very  vividly  the  last  meeting  we  had  very  few  who  mustered 
up  the  courage  to  stay.  That  evening  it  was  11.00  o'clock 
when  we  got  through  with  the  last  section.  In  the  beginning 
of  the  discussion  some  of  the  machines  run  under  high  press- 
ure and  by  the  time  we  got  through  with  the  discussion  there 
was  not  enough  energy  left  to  tackle  that  final  vote.  The 
meeting  was  adjourned  and  was  left  there  for  I  don't  know 
how  many  years;  and  the  thing  to  be  done  now  is  to  pass  that 
final  vote.  In  view  of  the  time  and  labor  spent  upon  it,  I  sin- 
cerely hope  the  Society  will  be  in  favor  of  its  adoption.  As  I 
mentioned  before,  quite  a  number  of  corrections  were  made  in 
our  discussion  and  I  now  understand  that  they  had  spent  a 
great  deal  of  time  entirely  reviewing  the  whole  matter  and  I  am 
entirely  satisfied  that  it  is  now  in  good  shape  and  would  recom- 
mend it  and  cast  my  vote  for  its  adoption. 

Dr.  Stahl — I  think  there  are  a  few  points  that  are 
open  to  discussion  in  regard  to  the  motion.  According  to 
Art.  11,  Sec.  11,  all  members  outside  of  Allegheny  County 
will  not  have  to  pay  dues.  I  will  read  Sec.  11.  ''The  dues 
of  active  members  residing  in  Allegheny  County,  Pa.,  shall 
be  $7.00  per  annum  up  to  January  1st,  1903,  and  the  annual 
dues  thereafter  shall  be  |8.00."  On  page  17  there  is  an  error 
in  the  language  used.  It  says  "except  that  they  shall  be 
''appointed"  by  members  of  the  sections.  It  should  be 
"elected".     It  also  says  Section  6  instead  of  Section  5." 

Mr.  Albree — I  change  my  motion  to  read  that  the  By- 
Laws  be  passeil  subject  to  additions  and  corrections  as  indicat- 
ed by  Dr.  Stahl. 

President — ^The  motion  is  in  reference  to  passage  of 
By-Laws  with  additions  and  corrections  indicated  by  Dr. 
Stahly  namely,  that  the  dues  of  the  members  outside  of  Allegh- 
eny County  Pa.,  shall  be  $6.00  per  year  and  that  on  page  17 
the  word  "appointed"  be  changed  to  "elected,"  also  the 
words  Sec.  6,  be  changed  to  Sec.  5.     Carried. 
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The  subject  for  this  evening  is  **High  OflBoe  Buildings." 
One  of  the  points  in  which  the  engineer  has  most  vitally 
touched  the  affairs  of  our  modern  city  life  has  been  in  the 
high  office  buildings.  While  the  engineering  work  in  one 
way,  in  the  way  of  the  rapid  transit  facilities  for  quickly  get- 
ting from  one  place  to  another,  has  been  taking  the  attention 
of  the  engineers,  and  vast  strides  have  been  made  in  the  means 
of  transportation  from  place  to  place,  on  the  other  hand,  there 
has  been  this  tendency  toward  concentration  and  the  locating 
of  more  and  more  on  the  small  area  of  ground  in  the  interior 
part  of  the  city.  I  saw  a  short  time  ago  a  very  interesting 
statement  with  regard  to  the  Equitable  Building,  the  home 
office  of  the  Equitable  Life  Assurance  Society  in  New  York 
City.  It  stated  that  when  that  great  building  was  projected 
thirty  years  ago,  it  was  proposed  to  be  the  greatest  building 
of  its  kind  in  the  world;  that  the  new  methods  of  construction 
and  radical  ideas  were  to  be  involved  in  the  new  building  and 
that  when  the  President  of  the  Society  proposed  four' passen- 
ger elevators,  it  was  thought  to  be  something  so  fanciful  that 
the  idea  was  laughed  at.  They  finally  compromized  on  one 
passenger  elevator.  That  was  within  the  life-time  of  all  of  us. 
To-day  more  people  are  carried  vertically  in  New  York  City 
than  are  caried  horrizontally.  And  although  the  diferent  car 
lines  are  taxed  to  their  capacity,  more  persons  are  carried  in 
elevators  than  in  surface  cars.  The  high  office  building  is  not 
a  simple  thing.  It  is  one  in  which  the  engineer  has  had  to 
gather  together  many  things,  and  really,  the  secret  of  it  all  is  the 
steel  which  makes  possible  the  frame  work  of  these  buildings; 
and  together  with  that  has  come  all  sorts  of  new  things,  such  as 
fire-proofing,  elevators,  the  power  plants,  the  steam  plants,  the 
vast  list  of  internal  things  for  heating,  lighting,  ventilation, 
and  various  systems  of  piping,  wiring,  etc.,  throughout  the 
building,  the  plans  and  drawings  showing  the  work  for  all  these 
different  things,  making  a  wonderful  system.  In  itself,  the 
telephone  exchange  facilities  are  equivalent  to  those  of  a  small 
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town  or  city.  All  these  things  which  the  engineer  has  done 
are  conspiring  to  change  business  life  and  the  whole  method  of 
doing  business  by  whieh  the  centers  of  cities  are  densely  popu- 
lated. Several  times  the  amount  of  business  can  be  done 
in  the  same  area.  One  of  the  most  striking  illustrations 
of  progress  of  the  past  ten  years  is  to  take  the  contour 
of  New  York  City  as  it  is  seen  from  the  Jersey  City 
side.  Most  of  us  remember  the  time,  only  ten  or  fifteen 
years  ago,  when  the  World  Building  was  a  miraculous  thing, 
standing  out  against  the  horizon.  Now  the  World  Building  is 
lower  than  many  other  buidings.  Trinity  Spire  is  obscured  by 
high  office  buildings  and  is  below  the  windows  of  some  of  the 
neighboring  buildings.  All  this,  I  say,  is  one  of  the  things 
which  has  come  about  through  the  modern  engineer.  It  is  to 
make  a  study  of  the  features  of  engineering  for  which  we  are 
called  together  here  this  evening.  As  there  are  a  number  of 
papers,  some  of  which  are  printed,  the  readers  of  the  papers 
propose  to  present  those  parts  of  the  papers  which  are  most 
interesting  for  discussion  and  will  leave  out  those  parts  which 
are  of  value  in  the  proceedings,  such  as  statistics,  etc.,  but  do 
not  assist  much  in  the  discussion. 

As  I  must  be  under  the  necessity  of  leaving  the  city  by 
train,  and  as  Prof.  Phillips,  the  first  Vice-President,  has  an 
engagement  which  will  prevent  his  being  here  all  the  evening,  I 
will  ask  Mr.  Albree,  the  second  Vice-President,  to  take  the 
chair. 

Mr.  Albree — Gentlemen,  not  to  lose  any  further  time, 
the  first  paper  on  the  list  is  *'  Steel  Framework  for  High  Build- 
ings," by  Mr.  Chas.  Worthington. 
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V  STEEL  FRAMEWORK  FOR  HIGH  BUILDINGS. 

BY    MR.    CHARLES   WORTHINGTON. 

The  high  buildings,  commonly  known  as  ''sky-scrapers," 
are  made  possible  only  by  the  use  of  a  metal  framework,  which 
supports  all  or  most  of  the  loads  and  transforms  the  walls  into 
mere  shells  to  protect  the  occupants  from  the  weather  and  to 
give  a  suitable  outward  appearance  to  the  building. 

While  the  engineering  problem  in  the  design  of  one  of 
these  structures  is  very  important,  it  is  altogether  subject  to 
the  will  and  whim  of  the  architect  in  its  solution,  and  in  the 
completed  building  the  engineer's  work  is  altogether  hidden 
from  view. 

Types:  For  buildings  up  to  six  or  eight  stories  in  height 
the  walls  may  be  self-supporting  from  the  foundations  up, 
while  the  steel  work  supports  all  floor  loads,  and  for  such 
buildings  this  is  common  construction.  For  higher  buildings, 
however,  the  steel  frame  is  usually  made  to  carry  all  floor 
loads  and  walls  as  well,  in  which  case  girders  are  provided  at 
each  floor  level  to  support  the  walls  of  the  story  above,  or 
sometimes  several  stories  at  once  are  carried  on  one  girder. 

Loaxls:  The  loads  for  which  the  framework  of  such 
structures  must  be  designed  are  as  follows  : 

(a)  The  Dead  Load,  consisting  of  the  weight  of  all  per- 
manent construction.  For  purposes  of  calculation  this  may 
be  conveniently  divided  into  the  floor  load,  wall  load  and  weight 
of  colunms.  The  floor  load  includes  weight  of  all  floor  con- 
struction, beams  and  girders,  and  is  calculated  at  the  outset 
when  style  of  floor  is  determined  upon  ;  for  12-inch  I-beams, 
spaced  about  5  feet  apart  and  ordinary  flat  hollow  tile  arches, 
this  weight  will  vary  from  85  to  90  pounds  per  square  foot. 
For  the  roof  a  similar  construction  is  generally  used  and 
weighs  somewhat  less.  The  weight  of  walls  is  calculated  on 
the  basis  of  brickwork  weighing  115  pounds,   and  sandstone, 
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granite,  marble,  etc. ,  170  pounds  per  cubic  foot.  The  weight 
of  steel  in  columns  may  be  approximated  at  first,  and  after 
designing  the  column  section  the  true  weight  substituted. 

(b)  The  Live  Load,  which  is  an  assumed  loading  intend- 
ed to  include  all  loads  not  forming  part  of  the  structure  itself. 

The  live  loads  required  by  the  building  laws  of  Greater 
New  York,  per  square  foot  of  floor  area,  are  as  follows  : 

For  floor  beams  and  girders  : 

D.wellings,  apartment  or  tenement  houses,  hotels  and 
lodging  houses,  60  pounds. 

OflBces,  1 50  pounds  for  first  floor  and  76  pounds  for  floors 
above  the  first. 

Schools,  76  pounds. 

Stables  and  carriage  houses,  76  pounds. 

Halls  for  public  assembly,  90  pounds. 

Ordinary  stores,  buildings  for  light  manufacturing  and 
light  storage  purposes,,  120  pounds. 

Stores  where  heavy  materials  are  kept  or  stored,  ware- 
houses, factories,  etc.,  150  pounds. 

Roofs  pitched  less  than  20  degrees,  50  pounds,  measured 
on  horizontal  plane ;  roofs  pitched  more  than  20  degrees,  30 
pounds. 

Sidewalks,  between  curb  and  building  line,  300  pounds. 

For  columns  the  above  loads  are  used  as  ffiven  where  the 
building  is  five  stories  high  or  less  ;  when  more  than  five  stories 
high  the  above  loads  are  reduced  as  follows : 

For  roof  and  top  floor,  full  loads. 

For  each  succeeding  lower  floor,  6  per  cent,  is  deducted 
until  50  per  cent,  is  reached,  when  that  load  is  used  for  all  re- 
maining floors. 

These  live  loads  represent  the  practice  in  New  York  City, 
where  such  construction  has  been  developed  further  possibly 
than  anywhere  else ;  at  the  same  time  they  are  merely  approxi- 
mations, and  not  many  buildings,  excepting  theatres  and  such 
halls  where  crowds  of  people  are  wont  to  gather,  are  ever  sub- 
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jected  to  their  full  live  loads  ;  especially  does  this  apply  to  the 
columns,  where  the  loads  accumulate  from  story  to  story.  On 
this  account,  therefore,  it  should  not  be  attempted  to  calculate 
the  loads  and  stresses  as  exactly  as  is  done  for  railroad  bridges 
or  similar  structures. 

(c)  Wind  Loads.  In  providing  against  the  eflfect  of 
wind  there  is  great  diversity  of  opinion  amongst  the  archi- 
tects. One  will  provide  bracing  to  carry  all  the  wind  load  by 
means  of  the  metal  framework  and  another  will  provide  no 
bracing  whatever,  assuming  that  the  brick  curtain  walls  will 
perform  this  function. 

From  the  engineer's  standpoint  every  such  structure 
should  be  designed  to  resist  the  greatest  windstorm  that  may 
possibly  occur  in  the  locality,  especially  where  the  wind  has 
such  full  sweep  as  it  has  against  the  upper  portion  of  a  high 
building.  This  possible  storm  may  never  occur,  but  the  dis- 
astrous results  of  a  collapse  from  such  a  cause  should  be  pro- 
vided against  to  a  certainty.  Where  the  curtain  walls  are 
solid,  or  even  where  windows  break  their  continuity,  the 
brick  work  can  be  assumed  to  resist  with  safety  considerable  of 
the  tendency  to  distort  under  live  load.  But,  with  a  view  to 
greater  safety  and  rigidity,  the  writer  would  suggest  that  in 
all  cases  the  metal  frame  be  subjected  to  a  wind  load  of  from 
10  to  20  pounds  per  square  foot  of  exposed  surface  of  walls, 
depending  on  local  conditions  and  the  relative  continuity  of  the 
curtain  walls,  and  that  this  load  be  transferred  to  the  founda- 
tions through  the  framework  alone.  It  will  not  ordinarilly  be 
necessary  to  increase  the  area  of  column  sections  on  this  ac- 
count, as  the  maximum  live  load  and  maximum  wind  load 
would  not  be  likely  to  occur  together  ;  the  girders  between  the 
columns,  considered  as  pqirtals,  receive  their  maximum  flange 
stress  at  the  ends,  reducing  to  zero  at  the  center,  while,  con- 
sidered as  beams  for  dead  and  live  loads,  the  maximum  flange 
stress  occurs  at  the  center,  reducing  to  zero  at  the  ends.  If, 
therefore,  the  girders  along  the  outer  walls  and  possibly  at  one 
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or  more  well-chosen  partitions,  if  the  building  is  wide,  be 
made  sufficiently  deep  and  properly  connected  to  the  columns 
to  make  them  efficient  as  portals,  and  the  metal  making  up  the 
column  sections  be  so  distributed  as  to  offer  a  maximum  resis- 
tance to  bending  in  the  direction  of  greatest  wind  pressure, 
the  above  amount  of  wind  can  be  provided  for  with  only  a 
slight  increase  in  the  amount  of  material  required. 

Des'lgning:  In  making  the  design  for  the  metal  frame- 
work of  a  building,  the  engineer  is  provided  with  the  archi- 
tect's floor  plans  and  external  elevations,  made  to  scale.  The 
location  of  the  columns^  is  usually  fixed  by  the  architect  at  the 
outset ;  for  economical  construction  these  should  be  spaced 
from  16  to  20  feet  apart,  say  16  feet  one  way  and  20  feet  the 
other.  After  determining  upon  the  most  suitable  location  for 
the  wind  portals,  the  floor  plans  of  beams  and  girders  are  first 
made ;  this  is  best  accomplished  by  laying  out  the  beams  to 
scale  on  prints  of  the  architect's  floor  plans,  spacing  them  the 
proper  distance  apart  and  arranging  the  framing  around  eleva- 
tor shafts,  stair  wells,  etc.  The  proper  spacing  of  beams  de- 
pends, of  course,  on  the  assumed  loading  and  should  be  deter- 
mined for  the  average  span  in  deciding  upon  the  depth  of  beam; 
for  office  floors  the  ordinary  spacing  of  12-inch  I's  is  about  5 
feet.  In  spacing  the  beams,  those  pccuring  most  often  should 
be  the  minimum  section  rolled,  as  this  is  the  most  economical 
of  material.  The  girders  which  support  the  floor  beams,  and 
which  are  in  turn  supported  by  the  columns,  should  be  as  deep 
as  possible  for  economy  and  for  stiffening  against  wind ;  in 
many  cases  the  clearance  below  requires  the  girders  to  be  of 
same  depth  as  the  beams  attaching  to  it,  then  two  beams,  fas- 
tened together  by  cast  iron  separators  every  4:  or  5  feet,  are 
used,  but  such  girders  are  of  little  value  in  resisting  the  wind. 
The  tops  of  all  Hieams  and  girders,  excepting  those  along  the 
outer  walls,  must  be  flush  with  each  other  in  order  to  clear  the 
floor.  Care  should  be  taken  that  at  each  floor  all  columns  be 
tiCId  in  place  in  not  less  than  two  directions  by  the  end  of  a 
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The  bending  moment  in  the  column  will  be  greatest  at 
these  same  points  of  connection  and  of  value 

iw(-^) w 

•  The  column  section  should  be  proportioned  with  a  view  to 
best  resisting  this  bending,  but  as  stated  above,  the  actual 
area  need  not  ordinarily  be  increased  over  that  required  for 
dead  and  live  loads. 

In  Fig.  4a  is  shown  in  detail  the  typical  form  of  portal 
connection  to  column,  as  designed  to  resist  the  stresses  indicat- 
ed in  Fig.  4. 

Column  Splic€ft: — The  columns  are  usually  built  in  two- 
story  lengths,  faced  square  at  the  ends  and  connected  by  splice 
plates  on  all  sides:  these  plates  increase  the  continuity  of  the 
column  at  the  joint,  but  the  large  axial  load  on  these  columns 
would  generally  be  sufficient  in  itself  to  make  the  joint  con- 
tinuous for  the  ordinary  bending  to  which  they  are  subjected. 
This  is  shown  in  Fig.  5;  a  horizontal  force  H  on  the  column 
would  tend  to  open  the  joint  and  thus  shift  the  point  of  appli- 
cation of  the  axial  load  P  towards  the  leeward  corner  of  its 
bearing,  as  shown;  this  would  cause  a  reverse  moment  of 
value  P  d.  This  reverse  moment  is  usually  very  great,  owing 
to  the  proportionately  large  values  of  P,  especially  in  the 
lower  stories. 

Foundations: — The  ordinary  practice  in  designing  of 
foundations  for  steel  frame  buildings  calls  for  a  pedestal  sup- 
porting each  colunn.  These  pedestals  should  be  separate  and 
isolated  if  possible,  with  the  center  of  load  applied  at  the  center 
of  pedestal,  or,  if  it  becomes  necessay  to  consolidate  two  or 
more  pedestals,  care  should  be  taken  to  have  the  center  of 
gravity  of  this  group  of  loads  coincide  with  the  center  of  pedes- 
tal base.  Care  should  also  be  taken  to  have  the  pressure  on 
earth  foundations  uniform  under  all  pedestals,  dead  load  only 
considered,  in  order  that  there  may  be  equal  settlement 
throughout  the  building. 


MR.    WORTHINOTOH'S  PAPEB. 


^^ 


J L 


/^z.  ^se^"- 


E 


I 


1 

i        i 

K 

'\.L  ' 

-•-n     T^ 

1 
1 

216         engineers'  society  of  western  PENNSYLVANIA. 

The  laws  of  Pittsburgh  require  owners  of  abutting 
property  to  agree  upon  a  party  wall ;  this  simplifies  construc- 
tion considerably,  for,  in  places  whe  rethere  is  no  such  law,  it 
becomes  necessary  to  locate  the  pedestals  supporting  all  outer 
columns  well  within  the  limits  of  the  building  in  order  to  per- 
mit of  spreading  the  base  to  reduce  the  presure  on  foundations. 
This  is  usually  done  by  means  of  the  cantilever  arrangement 
shown  in  Fig.  6. 

The  pedestals  themselves  are  generally  made  of  two  tiers 
of  grillage  beams,  one  above  the  other,  and  at  right  angles  to 
each  other.  The  column  base  resting  directly  on  the  upper 
tier  of  beams,  or,  where  the  footing  is  very  large,  on  a  special 
steel  casting,  which  in  turn  rests  upon  the  upper  tier  of  beams. 

Under  the  lower  tier  of  beams  there  is  a  layer  of  concrete; 
this  should  not  be  less  than  12  or  15  inches  thick,  and  care 
should  be  taken  to  have  all  foundation  beams  thoroughly  em- 
bedded in  concrete,  to  prevent  rusting. 

Grrillage  beams  should  be  secured  against  spreading  by 
tie  rods  passing  through  all  beams  of  each  tier  at  intervals  in 
their  length. 

Mr.  Albreb — Gentlemen,  we  will  hear  the  other  papers 
before  the  discussion  is  formally  opened.  Mr.  Worthington 
has  described  the  technical  features  of  modern  steel  construct- 
ing and  building.  He  alluded  in  a  very  general  way  to  the 
relation  between  the  engineer  and  the  architect.  That  is  a 
subject  that  has  been  discussed  before  in  this  Society.  We 
have  already  learned  from  him  as  to  the  engineering  part  of  the 
structure  as  relates  to  the  steel  work. 

We  will  now  be  favored  by  Mr.  C.  A.  MacClure  with  a 
paper  on  ''The  Designing  of  OflSce  Buildings."  Mr.  Mac- 
Clure is  an  architect  here  in  Pittsburg,  and  it  will  be  a  great 
pleasure  to  the  engineers  to  hear  from  the  architect's  side  of 
the  question.  It  is,  you  know,  a  very  difficult  problem  for 
an  architect  to  make  a  twenty -story  building  a  thing  of  beauty 
and  a  joy  forever.  It  has  been  handled  in  a  great  many  ways 
by  people  of  our  city  and  in  different  cities.  We  will  be  glad 
to  hear  Mr.  MacClure  tell  us  about  some  of  the  difficulties  to 
be  encountered. 
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THE  DESIGNING  OF  AN  OFFICE  BUILDING. 

(a  twenty  minutes'  talk). 

COLBERT   A.    MacCLURE.    B.    8., 

OFMacCLURE   a  8PARR,    ARCHirECTS. 

An  office  building,  being  primarily  built  for  the  purpose 
of  an  investment,  becomes  an  architectural  problem  which  may 
be  roughly  stated  as  follows: 

Given  a  piece  of  property;  solve  for  a  building  on  the 
same  which  will  yield  the  greatest  return  upon  the  investment. 
(This  does  not  exclude,  but  necessarily  includes,  architecural 
excellence,  since  other  things  being  equal,  such  a  building  is 
more  attractive  to  tennants,  which  in  turn,  enhances  the  in- 
vestment.) 

The  architect's  first  duty  is  to  obtain  data  in  regard  to  the 
size  and  shape  of  the  lot;  the  height,  thickness  and  shape  of  the 
walls  of  the  adjoining  property,  and  depth  of  neighbor's  cellers; 
the  location  and  size  of  sewer  which  serves  the  property,  the 
width  of  the  adjoining  street,  or  streets,  together  with  their 
sidewalks  and  grades;  a.nd  to  familiarize  himself  with  what- 
ever legal  restrictions  may  be  on  the  property,  and  the  laws 
governing  the  erection  of  such  buildings  in  the  locality  under 
consujeration.  Having  thoroughly  digested  this  data,  the 
architect  is  ready  to  begin  the  solution  of  the  problem,  which 
involves  everything  from  the  conception  of  the  building  as  a 
whole,  to  the  most  minute  detail.  It  involves  the  use  of  knowl- 
edge of  thousands  of  different  materials,  crafts  and  people, 
and  the  making  of  scale  or  full  sized  drawings  of  every  part 
of  the  structure ;  of  the  size  and  location  of  every  piece  of 
brick,  stone,  wood  and  metal,  and  the  rivet  holes  in  the  last 
named  ;  of  the  ornamental  modeling  and  curve  of  the  separate 
arms  of  the  light  fixtures.  It  involves  the  employment  of 
temperaments  which  have  a  keen  sense  of  proportion,  color  and 
an  artistic  touch ;  a  painstaking  taste  for  details ;  executive 
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ability ;  and  a  breadth  of  view  which  gives  every  part   its 
proper  value  in  the  whole. 

Since  the  element  of  time  figures  largely  in  an  investment, 
it  is  necessary  that  office  buildings  be  designed  with  great  dis- 
patch. Under  this  pressure  complete  plans  and  specifications 
for  modern  high  office  buildings,  including  plumbing,  heating, 
power  plant,  elevators,  refrigerator  machinery,  electric  wiring 
for  lights,  clocks  and  protective  system,  light  fixtures,  fittings 
and  decorations,  are  not  infrequently  put  in  the  bidders^  hands 
in  six  weeks  time.  It  is  evident  upon  statagment,  that  no  one 
person  eould  accomplish  such  a  task.  The  designer  knows  this 
full  well.  Having  obtained  the  best  size  and  arrangement  of 
offices,  corridors,  elevators,  toilets,  etc.,  and  the  best  light  and 
air,  and  having  determined  the  treatment  of  the  interior  and 
exterior  of  the  building  with  reference  to  the  class  of  tenants 
for  which  the  building  is  intended,  and  the  outlay  of  money, 
the  architect  calls  in  experts  in  the  different  professions  and 
trades  to  take  up  their  respective  works.  All  professionally 
successful  architectural  firms  are  made  up  of  experts  in  one  or 
several  of  the  branches,  and  most  have  experts  in  several  other 
branches  constantly  in  their  employ.  The  architect  of  a 
modern  office  building  is  e{»sentially  an  expert  at  the  head  of  a 
number  of  experts  in  the  professions  relating  to  such  buildings. 
This  is  a  fact  so  well  known  among  architects  that  it  is  a  fruit- 
less subject  for  discussion  among  them,  and  yet  it  is  one  of  the 
several  facts  about  the  profession  which,  in  the  experience  of 
the  wiiter,  is  generally  misunderstood  by  the  public,  the  owner, 
and  even  some  of  the  experts  employed  in  the  work. 

Assuming  that  the  architects  and  the  other  experts  are 
properly  trained  in  their  respective  branches,  it  is  necessary 
for  the  best  results  that  they  clearly  understand  the  relation  of 
their  respective  duties.  This  involves  something  more  than  a 
mere  technical  excellence  ;  it  involves  a  breath  of  view  and  the  • 
use  of  common  sense. 
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The  architect  knows  the  principals  of  construction,  the 
desirability  of  rectangular  spans  and  uniform  length  of  girders 
and  beams;  in  short,  simplicity  of  construction.  If  all 
buildings  could  be  so  designed,  a  ^'  level  headed  ''  assistant  in 
the  architect's  office,  could,  with  the  aid  of  a  hand  book  and  a 
knowledge  of  graphic  statics,  serve  as  the  constructional  ex- 
pert. These  cases  are,  however,  the  exception.  Take,  for  in- 
stance, one  case  which  has  occurred  in  the  writer's  experience, 
where  an  owner  wished  to  build  t  *n  stories  high  on  an  eleven 
8i<ied  lot  facing  on  two  non-parallel  streets,  and  having  no  two 
sides  parallel  and  not  a  right  angle  in  the  plot.  In  addition, 
the  adjoining  neighbors  refused  to  allow  the  owner's  footings 
to  project  onto  their  property.  The  owner  wished  to  rent  the 
basement,  and  the  sea  level  was  about  three  feet  below  the  pre- 
posed  basement  floor.  Furthermore,  the  building  was  to  be 
designed  to  compete  with  others  in  the  vicinity  which  had  not 
all  of  these  difficulties  of  construction.  Such  a  problem  needs, 
for  the  constructional  expert,  an  engineei  who  has  all  the  data 
and  technical  skill  so  well  at  his  command  that  the  gi'eater 
part  of  the  time  allotted  to  him  can  be  used  in  inventing  in- 
genous  ways  of  overcoming  the  difficulties  imposed  upon  him. 

During  the  designing  of  the  structure,  the  engineer  would 
suggest  certain  encroachments  upon  the  space  allotted  to  his 
structure.  If  a  compensating  reduction  in  price  could  be 
shown,  it  was  usually  adopted,  and  if  not,  another  scheme  was 
promptly  invented  by  him.  Such  an  engineer  is  an  ideal  con- 
structional expert,  and  adds  greatly  to  the  pleasure  of  design- 
ing an  office  building. 

Here  are  photographs  (see  plates  1  and  2 )  of  the  founda- 
tion work  of  a  build-ing  in  New  York  showing  the  ingenuity 
of  the  structural  engineer  in  overcoming  similar  conditions  to 
those  just  described.  This  fifteen  story  office  building  was 
erected  in  seven  months,  and  holds  the  record  in  the  United 
States  for  fast  building  of  its  class.  The  constructional  engi- 
neer uas  Mr.  S.  C.  Weiskopf,  whom,  no  doubt,  many  of  you 
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know.  Mr.  Weiskopf ^s  recent  work  in  this  direction  is  more 
worthy  of  study  than  any  that  has  come  to  the  writer's  know- 
ledge.  Here  also  is  a  print  of  a  truss  by  the  same  engineer 
which  is  remarkable,  not  in  its  design,  but  in  the  economy  ol 
using  this  particular  form  in  the  place  for  which  it  is  designed. 
(Truss  not  produced  here.) 

The  architect's  mechanical  plants  are  as  much  a  SDuree  of 
humorous  railery  among  mechanical  engineers  as  the  latter^s 
buildings  are  among  the  architects.  The  question  is  frequently 
asked,  ^<  Why  is  it  that  mechanical  plants  in  ofSce  buildings 
are  so  often  inadequate?  "  Referring  only  to  those  which  are 
put  in  by  competent  experts,  there  are  two  reasons  : — (1st) 
The  space  allotted  to,  or  available  for,  the  plants,  is  inadequate, 
and  (2nd)  After  the' plant  is  completed,  the  owner,  finding  he 
can  sell  power  to  a  neighbor,  or  for  various  reasons  finds  it  de- 
sirable, requires  more  of  the  plant  than  it  was  designed  to 
perform. 

The  remedy  of  No.  1  is  to  show  the  owner  a  defi- 
nite statement  in  non-technical  language,  if  he  is  not  a  technic- 
ally trained  man,  convincing  him  that  it  is  a  saving  uf  money 
to  increase  the  space.  As  against  your  efforts,  you  have  the 
renting  agent,  who  furnishes  a  statement  of  about  two  lines  in 
length,  showing  what  the  space  in  question  can  bo  rented  for. 
The  agent  has  the  advantage  of  brevity,  which  is  by  no  means 
negligible  when  dealing  with  a  busy  man.  Remembering  that 
an  office  building  is  primarily  an  investment,  yon  will  appre- 
ciate why  it  is  difficult  to  get  four  feet  between  engines  when 
you  admit  yourself  that  two  feet  would  do. 

When  the  space  is  not  adequate,  it  is  a  question  whether  a 
Hub-cellar,  at  a  very  considerable  increase  in  cost  of  the  build- 
]n)i(,  shall  be  added,  or  whether  the  space  available  will  answer. 
Here,  again,  the  consideration  of  investment  sits  in  judgment. 

There  seems  to  be  no  practicable  way  of  providing  for 
future  power  when  the  nature  and  amount  of  it  is  not  known. 
There  is,  however,  no  reason  why  the  architect  and  the  me- 
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chanical  expert  Bhould  not  pat  the  question  to  the  owner  and 
get  an  answer  in  writing,  thas  relieving  them  from  possible 
fat  are  blame  justly  given. 

In  the  eyes  of  the  law  the  architect  bears  much  the  same 
relation  to  his  clients  as  the  Continental  Congress  did  to  the 
colonists  ;  he  can  make  recommendations  but  has  no  authority 
to  force  their  adoption.  The  architect  does  not  need  such 
authority,  and  probably  would  not  use  it  more  than  once  in  a 
lifetime  if  he  possessed  it.  It  will,  however,  often  bring  the 
architect  and  mechanical  expei*t  into  clearer  understanding  if 
the  trae  relation  between  the  owner  and  architect  is  borne  in 
mind. 

SOME  MECHANICAL  FEATUBES  OF  THE  KEYSTONE  BUILDING, 

FOUBTH    AVENUE,  PITTSBUBG,  PA. 

Thia  building  differs  somewhat  from  office  buildings  in  its 
mechanical  equipment.     It  consists  of  : 

1st — 2 —  60  H.P.    low  pressure  boilers  which  are  used 

only  for  heating  the  building. 

2nd— 2— 126  H.  P.  ) 

o -./^K  ff  p    r  Westinghouse  gas  engmes. 

3rd— 2—  75K.W.  1   ^^    ^.     , 

2— llOK  W.  I   ^^stinghouse  generators. 

4th — 1  Electrically  operated  water  cooling  plant. 

5th — 2  Electrically  operated  house  pumps. 

6th^2 — 1  Electrically  operated  deep  well  air  lift  plant. 
This  is  to  use  the  water  from  artesian  wells  on  the  ammonia 
condensers. 

7th — Four  electrically  driven  hydraulic  elevators. 

The  advantage  of  using  gas  for  fuel  at  about  12  cents,  and 
with  the  average  rate  of  consumption  of  12  cu.  feet  per  H.P. 
per  hour  as  compared  with  coal,  is  readily  apparent. 

The  heat  from  a  steam  plant  in  the  basement  of  an  office 
building  has  always  been  a  source  of  annoyance  and  discom- 
fort during  the  summer  months,   and  particularly  when   the 
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first  floor  is  given  up,  as  is  often  the  case,  to  handsomely  ap 
pointed  banking  rooms.     There  is  no  question  but  that  a  gas 
engine  plant  gives  off  much  less  heat  than  a  steam  plant  of  the 
same  capacity,  and  this  was  one  reason  for  their  adoption  in 
the  building  under  discussion. 

All  of  the  units  are  not  in  use  at  this  writing,  but  the  re> 
suits  to  date  in  regard  to  surplus  heat  on  the  first  floor  give 
promise  that  this  difliculty  is  successfully  disposed  of. 

The  use  of  gas  engines  made  the  problem  of  elevators  an 
unusually  interesting  one,  as  the  following  requirements  were 
demanded  : 

1st.  To  profit  by  the  economy  of  the  two-power  system 
as  compared  with  the  single  power  system. 

•  2nd.     To   profit  by  the  cheapness  of  generating  power 
with  gas  engines  as  compared  with  steam  engines. 

3rd.  To  secure  that  nicety  of  control  in  a  fifteen  story 
shaft  which  is  peculiar  to  modern  hydraulic,  as  compared  with 
electric  elevators. 

Mr.  B.  S.  Harrison,  of  New  York  City,  designed  the 
plant,  which,  when  completed,  will  be,  so  far  as  the  writer  is 
informed,  the  only  system  of  elevators  in  the  country  of  its 
kind.  It  is  the  two-power  system  of  hydraulic  elevators 
driven  by  electric  pumps  actuated  by  current  developed  by 
generators  direct  connected  to  gas  engines. 

It  must  not  be  lost  sight  of,  however,  that  the  cost  of  a 
first-class  gan  engine  is  considerably  greater  than  that  of  a 
steam  engine. 

Mr.  Albrre — We  have  had  our  eyes  opened  in  regard  to 
the  method  and  madness  of  architects  that  we  sometimes  kick 
about.  We  find  they  are  not  always  to  blame  and  that  they 
have  troul)les  of  their  own.  Mr.  MacClure  is  not  a  member 
of  our  Society,  but  kindly  consented  to  give  us  this  paper  and 
we  greatly  appreciate  it.  In  discussing  the  high  office  build- 
ing, as  Mr.  MacClure  has  stated,  it  is  necessary  to  call  in  the 
specialists  for  the  various  parts,  such  as  Mr.   Harris  for  the 


MR.  macglure^s  paper.  225 

mechanical  equipment  of  the  Keystone  Bank  Building.  One 
of  the  things  is  to  make  the  building  fire-proof.  The  matter 
of  fire-proofing,  plans,  materials,  construction,  methods,  etc., 
will  be  discussed  in  a  paper  by  Mr.  Wight,  who  is  a  consult- 
ing architect  of  Chicago,  and  who  has  come  on  specially  to 
read  this  paper  for  us.     Gentlemen,  Mr.  Wight. 
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THE  FIRE-PBOOFTNO  OF  HIGH  OFFICE  BCTLDISG^. 

BT  PVTBR  B.  WIGHT^   F.   A.  L   A.,  C019SCI»TI3FO  ABCHTTKCT. 

It  is  one  thing  to  speak  of  fiie-proofing  in  gmetaU:  it  is 
another  and  more  satisfactory  to  apeak  of  the  fire^proofing  of 
a  :»pecial  class  of  buildingn.  Thersfore,  mach  that  misht  be 
said  of  the  fire-proofing  of  department  stores^  warehoases,  sov- 
emment,  state,  coanty  and  manicipai  buildings  will  be  herein 
omittefL 

The  plan,  location,  height,  means  of  interior  eommunica- 
tion,  ventilation,  and  manv  other  conditions  incident  to  a  hisrh 
office  building  are  »ibject  to  the  purpose  for  which- it  \&  built: 
and  the  main  one  is  its  value  as  an  income  producing  invest- 
ment. The  height  to  which  these  buildings  have  been  oamed 
has  \)een  the  main  factor  that  has  placed  them  in  a  class  by 
themselves,  so  far  as  construction  and  fire  proofing  are  concern- 
e<l.  It  M  the  immovable  &ctor  in  the  proposition.  It  has 
come  to  stav.  Ten  stories  is  the  lowest  limit  of  height:  the 
highest  limit  seems  to  be  indefinite.  Buildings  oi  this  class 
have  made  choice  building  sites  more  productive  of  revenue 
and  conse4|uently  more  valuable  than  anyone  c<»uld  possibly 
have  imagine<i,  and  having  given  value  to  the  land  on  which 
they  are  erected,  they  have  caused  an  incre&se  in  proportion  in 
the  market  value  of  all  the  lots  intervening  between  them. 

The  greatest  reason  for  saying  that  they  have  come  to 
stay  is  that  those  who  have  invested  m  real  estate  at  high 
figures  caused  by  the  possibility  of  such  buildings,  will  never 
allow  their  property  to  be  depreciated  by  any  other  kind  of 
buildings,  or  at  least  any  other  that  will  return  a  less  percent- 
age on  the  investment.  Nothing  but  a  general  ))anic  and 
collapse  in  prices  would  pro<luce  such  a  result.  This  would  be 
a  financial  disaster  such  as  ha.s  never  l)een  seen,  and  capital  will 
resist  it  to  the  death. 
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The  only  contingency  to  be  feared  is  the  condition  of  our 
streets  when  all  the  improvements  in  certain  quarters  are  high 
office  buildings.  But  that  will  come  gradually,  and  its  results 
may  be  anticipated. 

The  high  office  buildings  have  been  made  a  success  by  the 
possibilities  of  constructiojd  that  have  been  developed  with  them. 
They  were  first  built  with  brick  walls,  and  the  highest  reached 
to  sixteen  stories  with  this  material  for  support  on  the  outside, 
as  at  Chicago,  even  with  its  compressible  soil  and  floating 
foundations.  Skeletons  of  cast  iron  columns  and  rolled  iron 
beams  were  going  up  to  the  same  height  and  at  the  same  time. 
The  whole-steel  skeleton  came  when  the  introduction  of  rolled 
steel  superseded  rolled  iron,  and  it  has  continued  to  be  the 
standard  construction  for  these  and  many  other  kinrls  of  build- 
ings ever  since. 

But  the  possibility  to  attain  this  great  height  with  safety 
came  with  the  inventions  of  the  fire-proof ers;  to  speak  more 
accurately,  the  inventors  of  light  hollow  tilo  systems  of  floor 
construction.  The  weight  of  floors  was  reduced  before  the 
weight  of  walls.  Up  to  1881  the  average  of  fillings  between  I 
beams  of  buildings  having  incombustible  floors  was  70  lbs., 
whether  with  brick  arches  or  with  corrugated  iron  covered' 
with  concrete.  They  were  at  one  stroke  reduced  to  30  lbs.  by 
the  use  of  flat  hollow  tile  6  inch  arches  in  the  9  storv  Montauk 
Block  at  Chicago.  You  all  know  what  that  means  in  comput- 
ing the  strength  of  foundations,  walls  and  columd^.  From 
that  time  the  number  of  distinctively  high  office  buildings  in- 
creased rapidly.  Other  inventions  followed,  though  as  a  matter 
of  history,  the  iron  rail  and  concrete  foundation  (now  nick- 
named the  ''floating'^  foundation)  was  first  used  under  the 
same  bniling.  It  was  one  of  the  accidents  of  my  life  that  I' 
supplied  both. 

The  steel  skeleton  having  become  an  accepted  fact,  heavy 
walls,  both  exterior  and  interior,  have  been  practically  abolish- 
ed.    The  earliest  high  office  buildings  had  not  only  exterior. 
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but  interior  walls  of  brick  wherever  the  conditions  of  the  plan 
would  make  their  use  practicable.  In  addition  they  were  filled 
with  stacks  of  heavy  brick  vaults  which  were  permanent  fixtures 
placed  where  it  was  supposed  there  wouM  be  a  demand  for 
them.  Tenants  had  to  select  such  quarters  as  suited  them  ac- 
cording to  the  original  plan  of  the  building,  as  changes  in  plans 
were  very  expensive  and  often  impracticable.  But  when  the 
all-steel  skeleton  abolished  the  heavy  wall  it  also  abolished  the 
vault,  and  in  abolishing  the  vault,  it  warned  all  concerned  that 
the  fire-proof  qualities  must  be  of  such  a  high  grade  that  the 
whole  building  would  be  a  fire-proof  vault.  So  the  fire-proof 
closet  had  its  birth.  This  was  one  stimulus  to  a  greater  study 
of  fire-proofing  conditions. 

The  modern  office  building,  so  far  as  it  can  be  seen  when 
completed,  is  practically  built  by  the  fire-proofer.  His  meth- 
ods render  common  bricks,  on  which  the  main  dependence  was 
formerly  placed,  quite  unnecessary.  The  first  great  change 
after  the  all-steel  skeleton  was  developed  was  the  substitution 
of  the  hollow  tire-brick  or  ''hollow  tile,"  as  it.  is  called,  for 
the  common  brick;  and  this  was  only  possible  by  the  use  of 
refractory  clays  instead  of  brick  clays.  It  was  carried  to  such 
an  extent  in  the  erection  of  the  18  story  Fisher  Building  at 
Chicago  that,  in  this  building,  which  fronts  on  three  streets, 
there  are  no  bricks  except  a  few  that  the  contractor  for  exter- 
nal terra  cotta  used  in  filling  chinks  behind  his  terra  cotta  wall. 
Even  the  dead  wall  is  all  built  with  terra  cotta  (meaning  there- 
by that  made  by  the  contractor  for  exterior  work)  and  hollow 
tiles.  This  illustrates  to  what  extent  the  hollow  tile  (meaning 
such  as  is  made  by  the  fire-proofer)  as  well  as  the  manufactur- 
ed  terra  cotta,  have  contributed  to  the  development  of  the  high 
office  building. 

I  am  aware  that  it  is  contended  by  many  men  of  your  pro- 
fession that  concrete  in  combination  with  metal  is  a  better  fire- 
proof material  for  constructive  purposes  than  hollow  building 
tile.     I  agree  with  you  that  in  some  cases  it  is,  and  therefore 
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will  not  seek  to  provoke  discussion.  But  the  faot  remains  that 
the  hollow  building  tile  made  of  refractory  clay  is  the  material 
which  has  actually  developed  the  high  office  building  as  we  find 
it  to-day,  and  I  think  it  will  always  hold  the  most  important 
place  in  such  constructions.  For  while  the  common  brick  has 
been  to  a  great  extent  supplanted,  the  wall  and  the  arch  have 
not  gone  out  of  use.  The  wall  has  only  been  reduced  in  thick- 
ness and  in  weight,  and  the  weight  of  it  has  been  reduced  in 
greater  proportion  than  the  thickness.  Long  walls  and  high 
walls  unsupported  are  no  longer  necessary,  but  they  cover  just 
as  many  superficial  feet  in  height  and  breadth  as  before.  The 
mason  with  his  trowel  is  just  as  necessary;  and  while  there  are 
many  ingenious  methods  for  constructing  subsidiary  partitions 
without  hollow  tiles,  and  without  the  help  of  the  mason,  there 
is  still  no  way  known  for  building  the  exterior  walls  or  the 
main  interior  division  walls  of  a  building,  with  the  greatest 
rapidity  in  all  kinds  of  weather,  and  without  the  use  of  unnec- 
essary quantities  of  water,  except  with  previously  prepared  dry 
blocks  of  refactory  material.  Where  an  arch  of  large  span  is 
required,  whether  it  be  a  large  door,  a  dome,  or  a  wide  span 
between  deep  floor  beams  there  has  not  yet  been  anything  in- 
vented, that  is  lighter  for  the  work  required,  dryer,  more  fire- 
proof, more  rapidly  constructed,  and  cheaper  than  the  products 
of  fire-clay,  set  in  good  cement.  Yet  there  are  substitutes,  and 
they  have  their  value,  and  for  special  purposes  are  desirable. 

The  special  qualities  and  true  value  of  this  material,  and 
the  kinds  that  are  most  reliable  for  fire-proofing  purposes  will 
be  considered  when  the  conditions  affecting  a  truly  fire-proof 
office  building  are  considered. 

The  main  conditions  to  be  considered  are  (1)  the  plan,  (2) 
the  materials,  and  (3)  the  constructive  methods. 

The  plan  belongs  to  the  architect,  and  if  he  consults  his 
engineer  it  will  be  a  very  simple  one.  It  is  safe  to  say  that  the 
best  planned  office  building  on  a  rectangular  lot,  will  be  one 
that  is  worked  out  on  a  system  of  smaller  rectangles  into  which 
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the  lot  is  sub-divided^  with  a  column  at  each  intersection.  The 
main  thing  to  do  is  to  ascertain  the  best  proporionate  dimensions 
for  these  rectangles.  If  they  are  all  the  same,  there  will  be 
only  two  dimensions  for  all  the  girders  and  beams  in  the  build- 
ing. Such  an  arrangement  will  result  from  making  several 
sketch  plans  upon  different  sub-divisions  into  rectangles  until 
the  best  one  is  discovered.  If  this  is  found  to  be  impracticable 
the  system  should  be  abandoned.  But  if  possible  the  girders 
should  be  in  straight  lines,  and  the  width  of  the  exterior  bays 
should  be  controlled  by  the  spacing  of  interior  columns.  The 
general  dispositions  of  the  plan  being  adopted,  the  next  thing  to 
do  is  to  study  all  the  contingencies  that  would  permit  fire  to  at- 
tack such  a  plan  from  without,  or  invade  it  within.  Every 
high  office  building  is  by  its  nature  a  flue,  and  the  problem 
has  heretofore  been  how  to  make  it  less  so.  So  many 
have  despaired  of  this,  that  I  am  inclined  to  say  that  what 
might  be  possible  in  a  great  warehouse,  in  which  vertical 
drafts  can  be  avoided,  need  not  be  thought  of,  lest  the  true 
value  of  the  building  as  an  investment  be  destroyed.  I  would 
therefore  advise  that  the  natural  flue  conditions  of  a  high 
office  building  be  improved  by  planning  it  so  that  the  natural 
drafts  which  carry  fire  upward  will,  as  far  as  possible,  be 
directed  away  from  the  inhabited  rooms,  and  allowed  to 
escape  harmlessly  through  the  lop  of  the  building.  This 
can  be  accomplished  by  permanent  flues  built  of  double  air 
space  hollow  tiles,  running  through  the  offices  where  they 
are  least  likely  to  interfere  with  future  changes  of  pai'titions. 
These  flues  can  be  covered  at  the  top  with  skylights  of  thin 
glass  which  would  break  in  case  of  fire,  while  permanent  capped 
pipes  also  at  the  top  would  serve  for  ordinary  ventilation.  The 
openings  from  the  offices  into  these  shafts  should  be  permanent 
and  close  to  the  ceilings.  Such  flues  would  carry  fire  and 
smoke  through  the  roof  and  prevent  it  from  spreading  laterally. 
Large  glass  covered  courts  should  be  avoided,  as  they  tend  to 
arry  smoke  and  fire  to  upper  stories  and  smother  the  occupants. 
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Ab  elevators  may  become  as  valaable  as  stairways  for  means  of 
escape  they  should,  if  possible,  be  placed  not  in  one  stack,  but 
in  two,  and  as  far  apart  as  practicable.  In  large  buildings  this 
would  be  a  convenience  to  tenants  in  reaching  their  rooms  ex- 
peditiously. Every  large  office  building  should  have  two 
entrances  connected  by  a  common  hallway,  and  it  is  equally 
important  that  it  should  have  two  stairways  from  the  second 
story  to  the  top,  and  as  far  apart  as  possible.  They  should 
not  be  in  position  where  a  rising  current  of  air  can  involve  both 
a  stairway  and  a  stack  of  elevators.  Theorists  have  sometimes 
claimed  that  stairways  and  elevators  should  be  individually 
isolated.  Such  a  disposition  would  so  injure  the  value  of  the 
investment  that  it  should  not  be  considered.  Besides,  an  isolated 
stairway  in  case  of  a  panic  would  be  unknown  to  most  of  the 
occupants  or  visitors  to  such  a  building.  With  two  vertical 
stacks  of  stairways  and  two  vertical  stacks  of  elevators,  all 
connecting  with  corridors,  it  would  be  practicable  to  place 
spring  doors  across  the  corridors,  which  would  isolate  each 
stairway  and  each  stack  of  elevators.  Such  cut-offs  in  the  cor- 
ridors should  be  entirely  made  of  light  metal  frames  and  polished 
wired  glass.  This  latter  material  will  also  be  considered  later 
on  in  connection  with  < 'Materials  of  Construction. ''  But  as 
part  of  the  plan  of  the  roof  it  should  take  an  impoii;ant  place. 
There  are  many  instances  in  which  the  study  of  the  natural 
action  of  fire  in  the  top  of  a  building  shows  that  it  is  desirable 
to  use  glass  that  will  break  as  soon  as  attacked  by  fire,  so  as  to 
let  the  flames  and  smoke  escape.  The  indiscriminate  use  of 
wired  glass,  therefore,  because  it  will  admit  light  and  still  resist 
a  current  of  fire,  is  not  to  be  encouraged,  and  it  is  easy  to  see 
that  it  might  be  the  cause  of  many  deaths  from  the  accumulation 
of  smoke  which  cannot  escape.  It  is  much  more  important  that 
skylights  should  be  of  breakable  glass,  and  to  prevent  injury 
caused  by  its  fall  they  should  have  wire  nets  suspended  beneath 
them.  There  should  be  such  skylights  over  every  elevator  and 
every  stairway.     And  if  skylights  are  not  required  over  them, 
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as  in  the  case  of  their  being  next  to  outer  walls  with  windows, 
they  should  have  large  ventilators  ranning  through  the  roofs. 

Any  suggestions  as  to  the  capacity  of  elevators,  stairways, 
corridors  and  doors  seems  hardly  necessary  here,  for  they  are 
the  important  considerations  which  enter  into  the  planning  of 
every  building,  and  are  equally,  if  not  more  important  in  a 
high  office  building  than  any  other.  The  objects  of  a  properly 
built  high  office  building  other  than  the  interest  of  the  owner 
as  an  investment  are  safety  to  human  lives,  and  safety  to  the 
property  contained  in  the  building,  as  well  as  the  building  it- 
self, as  against  fire. 

This  brings  us  to  the  second  consideration — materials. 
That  such  a  building  must  consist  of  fire-proof  materials  re- 
inforced with  the  commonly  accepted  steel  frame  has  been 
said.  For  the  exterior,  terrar-cotta  and  brick  take  first  place. 
But  these  are  not  necessarily  backed  with  brick.  Where  they 
are  not,  the  only  material  that  has  been  used  successfully  is  hol- 
low fire  clay  tile.  It  is  now  customary  in  the  best  buildings  to 
construct  the  floors  and  protect  the  columns  and  girders  before 
the  exterior  is  covered.  The  exterior  walls  are  not  sufficient  to 
protect  the  exposed  columns  and  beams  at  the  outer  line  of  the 
structure.  They  are  only  a  mask  and  may  fall  away  exposing 
the  structure.  These  columns  and  girders  should  be  first  pro- 
tected exactly  as  are  those  of  the  interior.  Various  methods 
are  in  use.  By  some  it  is  advocated  that  they  should  be  en- 
caseil  in  Portland  cement  concrete,  completely  buried  in  it, 
but  it  is  not  suggested  that  any  fastening  is  required  other 
than  the  adhesion  of  the  cement  to  the  steel,  and  its  own 
tnonolithic  character.  This  method  denies  the  necessity  for 
any  non-conducting  air  spaces.  I  know  of  only  one  building 
in  which  this  was  ever  done  ;  it  was  owned  by  a  fire  insur- 
Mico  company  in  New  York,  and  it  was  done  twenty  years  ago. 
The  <!ohunns,  which  were  of  the  Phoenix  pattern,  were  cov- 
(M'imI  with  Portland  Cement  run  from  a  cornice  mold,  and 
showing  a  moul<le<l  finish  all  around.     By  others  it  is  proposed 
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to  plaster  the  columns  with  cement  on  a  lathing  of  wire  or 
other  perforated  metal.  And  where  one  process  like  this  is  not 
considered  sufficient  it  is  proposed  to  repeat  it  twice,  and  even 
thrice.  This  is  frequently  done,  and  its  chief  merit  is  its 
cheapness.  The  common  method  is  to  build  hollow  tile  blocks 
around  the  columns  like  a  wall,  and  in  some  cases  two  courses 
of  these  are  used.  In  severe  fires  which  have  occurred  in 
several  buildings  it  has  been  demonstrated  that  the  exterior 
layers  of  these  crack,  for  the  reason  that  the  exterior  expands, 
while  the  interior  is  cool.  The  worse  defect  in  the  use  of  hol- 
low tile  around  columns  is  that  no  provision  is  made  for  longi- 
tudinal expansion.  They  are  built  from  the  girder  of  one 
story  to  the  girder  next  above.  As  a  result  it  was  demon- 
strated in  the  last  fire  that  occured  in' the  Home  Department 
Store  at  Pittsburg  that  before  the  steel  columns  had  absorbed 
enough  heat  to  cause  expansion  the  hollow  tile  coverings  were 
so  badly  crimped  by  expansion  against  the  unyielding  girders 
that  many  of  them  fell  off.  In  an  earlier  fire  in  the  Home 
Office  Building  at  Pittsburg,  in  1897,  the  column  coverings, 
which  were  of  thick  slabs  of  semi-porous  terra  cotta,  built  as 
a  wall  around  them,  were  uninjured.  My  earliest  practice  was 
to  use  solid  blocks  of  a  very  high  grade  of  porous  terra  cotta, 
both  for  columns  and  girders.  For  column  coverings  I  always 
secured  them  to  the  iron  with  tap  screws.  For  girders,  I  made 
the  blocks  to  fit  the  sections  of  I  beams,  and  found  that  no 
fastenings  were  needed,  for  the  form  of  the  I  beam  is  such  as 
hold  the  blocks  tight  between  the  flanges  when  well  bedded  in 
cement.  Oast  iron  columns  covered  with  porous  terra  cotta, 
2^  inches  thick,  fastened  to  the  iron  with  tap  screws,  were 
tested  in  a  fire  in  the  Grannis  Block  at  Chicago  in  1885,  where 
they  were  pulled  out  of  the  ruins  with  all  the  fire-proofing  at- 
tached. There  was  nothing  fire-proof  in  that  building  except 
the  columns.  I  am  now  satisfied  from  experience  of  all  the 
known  materials  in  actual  fires  that  the  softness  of  porous 
terra  cotta  is  almost  as  objectionable  as  the  brittleness  of  hard 
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burned  thin  bodied  tiles,  and  that  the  best  fire -proof  material 
is  the  medium  between  them,  and  that  is  semi-porous  hollow 
tiles  with  walls  at  least  f  of  an  inch  thick.  The  best  illustra- 
tion of  their  efficiency  was  seen  in  the  Home  Office  Building 
at  Pittsburg,  in  1897,  the  material  having  been  made  in  your 
own  city,  Pittsburg. 

Whenever  a  contract  is  let  for  the  fire-proofing  of  a  build- 
ing with  clay  products,  the  lowest  bidder  who  secures  the  con- 
tract executes  it  with  the  kind  of  material  he  can  make  to  the 
best  advantage — it  is  the  product  of  the  clay  he  happens  to 
mine.  It  may  b^  suitable  for  the  high  grade  porous  material, 
or  only  for  hard  burned  tile.  But  the  best  material  to  pro- 
duce the  results  above  suggested  can  only  be  made  by  mixing 
clays — in  their  natural  state  they  are  not  suitable.  This  should 
be  a  subject  for  investigation  and  study  by  every  manufac- 
turer, so  that  a  reasonably  uniform  standard  article  can  be  pro- 
duced. It  was  the  good  fortune  of  the  Pittsburg  Terra  Cotta 
Lumber  Company,  which  made  the  material  that  went  into  the 
Home  Office  Building,  to  produce  a  tile  with  their  own  natural 
clay  which  filled  every  requirement  for  a  fire-proof  material ; 
and  whicn  had  the  necessary  toughness  and  refractory  powers 
to  resist  extreme  heat.  Other  clays  may  resist  heat,  but  lack 
toughness  ;  they  become  brittle  and  are  not  fit  for  hollow  tiles 
with  thin  walls.  Others  again  can  be  burned  with  large  quan- 
tities of  sawdust,  and  are  wonderful  non-conductors,  but  are 
too  soft  and  not  suitable  for  resisting  severe  strains.  My  own 
observation  has  shown  that  in  most  localities  shales  may  be 
obtained,  which,  when  ground  and  burned  with  low  grade  fire 
clays  produce  the  best  material  for  semi-porous  terra  cotta. 

Too  little  attention  has  heretofore  been  given  to  standard 
qualities  in  burned  clay  fire-proofing.  When  a  standard  is  es- 
tablished, recognized  and  insisted  upon  by  architects,  there 
will  be  some  hope  for  uniformity  in  results.  As  it  is,  there 
may  be  several  kinds  of  burned  clay  fire-proofing  used  in  one 
city,  and  I  know  of  some  buildings  in  which  the  clay  used  was 
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not  aboTe  the  grade  required  for  ordinary  flower  pots.  Where 
used,  however,  it  wa«  the  result  of  indiscriminate  competition 
aud  want  of  investigation.  As  a  matter  of  fact  most  of  the 
buildings  fire-proofed  with  burned  clay  contain  the  highest 
grade  of  material.  But  the  world  will  never  see  this  fact  dem- 
onstrated by  the  ravages  of  fire.  It  has  never  given  the  fire- 
proof office  buildings  that  have  been  erected  within  the  last 
fifteen  years  the  credit  that  is  due  them,  and  it  never  will.  It 
only  hears  of  the  occasional  one  that  shows  failure  in  a  crucial 
test.  Those  that  have  resisted  the  elements  are  dismissed  with 
a  paragraph.  An  occasional  failure  is  not  a  demonstration 
that  others  may  be  expected.  When  it  betrays  the  fault  or  the 
weakness  it  should  be  an  object  lesson  that  is  profitable.  I  re- 
gret, however,  that  this  is  not  always  the  case.  I  wish  the 
men  of  my  own  profession  would  take  as  much  interest  in 
scientific  investigation  as  you  do. 

The  value  of  wired  glass  has  been  referred  to.  In  an  of- 
fice building  it  will  prove  to  have  its  greatest  value  when  used 
in  vertical  positions  where  glass  is  necessary.  It  should 
be  used  in  all  external  windows  wherever  possible.  But  it 
should  always  be  set'in  metallic  sashes  and  frames.  The  sup- 
posed necessity  for  using  wood  in  partitions,  for  door  and 
window  frames,  has  led  to  many  demonstrations  of  the  fact  that 
this  use  has  helped  to  destroy  the  efficiency  of  the  fire-proof 
materials  of  which  they  have  been  constructed.  Experience  has 
also  shown  that  wood  should  be  practically  abolished  from  the 
interior  finish  of  office  buildings,  and  this  can  be  done  now  with- 
out raising  any  objections  on  the  part  of  the  tenants.  Kecent 
inventions  have  supplied  all  that  is  wanted.  There  is  no  longer 
any  necessity  for  wooden  floors.  Notwithstanding  it  has  been 
claimed  that  they  will  not  burn,  they  do  burn,  and  the  oil  and 
varnish  which  saturate  the  modern  hard  wood  floors  carry  fire 
with  great  rapidity.  The  tenants  have  already  anticipated  the 
change,  for  they  have  abolished  carpets  and  substituted  rugs. 
If  marble  and  tile  are  too  expensive  for  floors  cement  can  be 
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ased.  A  very  valuable  substitute  for  cement  finish  has  recently 
been  invented  called  <<monolith."  Doors  need  no  longer  be 
made  of  varnished  wood,  but  of  common  wood  covered  with 
sheet  brass  and  hung  to  metallic  frames,  built  in  fireproof 
partitions. 

Referring  now  to  the  third  division  of  my  subject — con- 
structive methods — I  feel  compelled  to  tread  my  path  with 
caution,  for  I  may  be  invading  the  domain  of  the  C.  E.  AH 
discussion  of  constructive  methods  in  fire-proofing  seems  to  lead 
to  the  building  of  floors,  and  this  is  where  the  C.  E.  has  crossed 
the  path  of  the  architect  more  than  once.  The  fact  that  ex- 
traordinary strength  has  been  developed  in  constructions  in 
which  various  combinations  of  Portland  cement,  sand  and  steel 
have  entered,  have  made  them  very  attractive  to  gentlemen  of 
your  profession.  I  admit  the  strength  and  the  ability  to  prevent 
fire  from  passing  from  one  story  to  another  within  a  given  time, 
and  to  one  who  seeks  only  for  these  results  they  are  satisfactory. 
But  house  building  has  many  ramifications.  The  conditions 
under  which  houses  ai*e  built  are  varioup.  Among  the  most 
important  of  these  are  tiine  and  cliinate.  Another  one  is  per- 
manence. The  oldest  of  the  indestructible  manufactured 
materials  known  to  exist  on  the  face  of  the  earth  is  burned  clay. 
Time  may  show  that  the  high  grades  of  cement  made  at  the 
present  day  come  next  to  it,  but  we  cannot  wait  for  the  out- 
come. Finely  divided  steel  with  which  it  is  combined  is  a  very 
delicate  material,  and  scientists  all  over  the  world  are  discuss- 
ing the  question  *'what  is  the  best  material  to  paint  steel 
with?" — even  where  it  is  used  in  heavy  members  of  construc- 
tion. At  such  a  time  you  will  see  if  you  look  at  nearly  all  of 
the  high  office  buildings  that  have  been  erected  and  are  now  be- 
ing erected,  that  the  architects  who  have  to  do  with  those  build- 
ings pin  their  faith  to  burned  clay.  They  have  no  time  to  wait 
and  see  whether  the  cement  will  eat  the  steel  or  preserve  it,  but 
they  know  that  they  have  a  good  thing  in  clay,  and  as  long  as 
it  is  the  only  material  which  makes  possible  the  building  of 
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furnaces  in  which  iron  can  be  made  into  steel,  they  will  continue 
to  build  it  up  around  the  steel  skeleton;  and  I  hope  it  will  pre- 
serve the  steel  skeleton  for  all  time.  For  as  the  steel  must  be 
protected*  from  fire  and  every  inch  of  it  covered,  it  is  certain 
that  when  protected  from  one  element  it  will  be  found  to  be 
pretty  well  clothed  against  the  storms  that  try  to  beat  against  it 
and  the  insidious  dampness  that  steam  heat  expels.  However, 
I  suppose  that  the  discussion  about  corrosion  will  last  until  we 
have  steam  heated  bridges,  and  about  electrolysis  as  long  as 
we  have  damp  cellars. 

I  have  said  that  the  architect  will  always  be  a  believer  in 
the  hrick  and  its  substitutes,  and  his  affection  will  always  cling 
to  his  brother,  the  mason,  even  though  houses  may  be  built 
without  heavy  walls.  With  these  materials  and  his  skillful 
assistants  he  does  not  fear  that  terrible  enemy  to  cement,  Jack 
Frost,  and  he  can  get  his  work  done  fast  enough  to  suit  his 
client,  which  V6  saying  a  great  deal.  These  are  the  convincing 
arguments  for  the  use  of  burned  clay.  My  only  plea  is  that 
this  most  important  and  universal  material  may  be  in  the  future 
the  object  of  greater  study  for  the  purpose  held  in  view  in 
this  paper;  that  as  much  investigation  and  experimentation  will 
be  devoted  to  the  determination  of  the  proper  methods  for 
manufacturing  of  clay  products  into  fire-proofing  material  as 
has  been  given  to  the  adaptation  of  clay  for  use  in  the  manu- 
facture of  steel.  Its  indestructability  is  admitted;  b.ut  it  has  a 
different  office  to  perform  in  the  burning  building  from  what 
it  has  in  the  open  hearth  furnace.  It  can  be  made,  for  it  had 
been  made,  to  withstand  water  as  well  as  fire.  By  proper 
mechanical  means  it  can  be  made  to  keep  its  place  under  all 
conditions.  It  has  also  a  field  in  constructive  work  such  as  has 
been  developed  by  no  other  material,  in  the  building  of  domes, 
such  as  those  erected  by  Guastavino.  Whatever  apparent 
failures  there  may  have  been  in  this  as  a  fire-proofing  material 
are  exceptions  to  the  general  practice  that  has  been  followed 
in  its  use,  and  only  serve  as  a  warning  against  its  unscientific 
and  unpractical  application. 
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Mr.  Albree — Gentlemen,  we  haye  just  heard  a  pai)er 
dealing  not  only  with  hollow  tile,  very  ablj  presenting  its 
merits,  bat  we  haye  had  a  paper  of  yery  great  general 
interest  with  regard  to  design  of  building  and  with  regard  to 
general  fire-proofing  character.  This  will  probably  be  discuss- 
ed at  another  time  when  we  follow  this  line  of  work  further. 
It  is  getting  a  little  late  and  we  will  hear  the  next  discussion 
which  was  written  by  Capt.  J.  A.  A.  Brown,  of  the  Bureau  of 
Inspection  of  Pittsburg.  Mr.  Brown  is  not  here,  and  I  be- 
lieve Mr.  Hirsch  has  his  written  discussion  on  the  matter. 

Mr.  Hirsch — As  announced  in  the  notices  sent  out  for 
this  meeting,  the  Programme  Committee  had  arranged  with 
Mr.  H.  B.  Chess,  of  the  Central  Expanded  Metal  Co.,  for  a 
paper  on  "Concrete  and  Expanded  Metal  Fire  Proof  Con- 
struction.'- This  paper  was  to  illustrate  many  interesting 
features  in  the  application  of  these  materials  in  the  construc- 
tion of  floors,  partitions,  etc. ,  but  at  the  request  of  Mr.  Chess 
was  postponed  until  some  future  time. 

To  THE  President  and  Members  of  the 

Engineers'  Society  of  Western  Pennsylvania. 

(iKNTLEMEN — I  Tcspectfully  submit  some  points  briefly 
noted  concerning  the  building  laws  of  the  city  of  Pittsburg. 
Also  a  few  observations  along  the  line  of  building,  relative  to 
high  buildings,  or  as  they  are  commonly  called,  sky-scrapers;  . 
their  construction,  stability  when  tested  by  fire,  and  their 
longevity. 

The  laws  governing  the  erection  of  high  buildings  are 
councilmanic  ordinances.  Their  legitmacy  being  an  Act  of 
Assembly,  approved  June  7th,  1895.  All  other  points  pertain- 
ing to  the  construction  of  buildings,  the  creation  and  build- 
ing of  party  walls  etc.,  are  also  provided  for  in  this  Act  of 
Assembly. 

The  laws  governing  the  construction  and  kinds  of  materi- 
als to  lie  tise<l  in  all  buildings,  other  than  dwelling  houses, 
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provide  for  three  classes;  based  upon  a  limiting  height  for 
each  class  and  are  as  follows:  common  construction,  slow 
burning  and  fire  proof. 

All  buildings  sixty  feet  and  less  in  height,  are  of  the 
third  class,  and  may  be  of  common  construction:  The  term  slow 
burning,  the  second  class,  applies  to  all  buildings  over  sixty 
feet  and  less  than  ninety  feet  in  height,  and  in  which  all  the 
members  carrying  loads  and  resisting  strains  are  of  wood,  with 
the  following  minimum  dimensions:  beams  or  girders,  sec- 
tional area  8x10;  posts  10  x  10,  to  be  solid  and  in  no  case 
built  up,  and  having  all  corners  rounded  to  a  radius  of  at  least 
two  inches. 

It  is  my  opinion,  and  I  base  it  upon  actual  experience,  be* 
ing  in  attendance  at  all  large  fires,  that  for  buildings  where 
much  combustible  material  is  stored,  such  as  ware-houses,  and 
especially  storage- houses,  the  slow  burning  construction  is  far 
superior  to  any  other. 

For  example,  about  a  year  ago  a  fire  occurred  in  one  of  our 
nine  story  buildings  of  the  slow  burning  class,  starting  on  the 
eighth  story.  The  building  was  packed  with  furniture  from 
bottom  to  top  and  the  goods  in  the  three  upper  stories,  were 
practically  burned  up.  On  the  seventh  floor  was  stored  a  very 
large  quantity  of  chair  materials,  packed  from  floor  to  ceiling. 
This  material  was  all  consumed,  leaving  on  the  floor  ashes  or 
charcoal  from  sixteen  to  eighteen  inches  in  depth.  The  wood- 
en beams  or  girders  of  the  floor  above  the  same  being  10  x  14 
in  size  were  only  partially  destroyed;  some  of  them  burned 
only  half  way  through,  none  of  them  entirely.  The  fire  in 
this  story  burned  fiercely  for  about  four  hours. 

Then  again,  the  term  fire  proof  construction,  which  is  of 
the  first  class,  applies  to  .all  buildings' over  ninety -feet  in 
height,  in  which  all  parts  carrying  weights  or  resisting  strains, 
all  stairs,  elevators,  roofs  and  partitions  are  made  entirely  of 
incombustible  materials,  and  in  which  all  metallic  structural 
members  are  protected  from  the  efl^ects  of  fire  by  means  of 
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some  incombustible  material,  which  must  be  a  poor  heat  con- 
ductor. These  materials  may  be  either  terra-cotta,  brick, 
plaster  on  iron,  or  metal  lath  and  iron  furring  on  concrete. 

I  believe  that  our  fire  proof  buildings  are  the  equal  in 
matter  of  construction  to  similar  buildings  in  other  cities,  so 
far  as  they  relate  to  office  and  hotel  structures,  having  the 
rigidity  of  steel  frame,  and  the  necessary  fire-proofing.  But 
I  also  believe  that  the  same  system  of  fire-proofing  in  buildings 
that  are  used  for  ware-houses  and  storage-houses,  where  im- 
mense quanties  of  combustible  goods  are  kept,  in  the  event  of 
fire  they  will  stand  the  test. 

Heretofore  we  have  had  no  law  that  made  it  obligatory 
on  owners  of  high  buildings  to  equip  them  with  necessary 
stand-pipes,  automatic  sprinklers,  and  other  appliances  for 
fighting  fire.  Such  an  ordinance  has  now  been  framed,  and 
submitted  to  the  City  Ciouncils  for  enactment.  Sonde  owners 
have  of  their  own  volition  so  equipped  their  buildings. 

Much  has  been  said  and  wiitten,  and  many  times  the  ques- 
tion is  asked,  what  is  the  life  of  a  steel  frame  building?  To  my 
mind  it  is  an  easy  matter  to  ask  the  question.  But  the  answer. 
Who  can  give  ii? 

The  supposition  among  the  majority  of  persons  interested 
in  buildings  of  this  construction,  is,  they  are  monuments  that 
will  stand  for  ages,  provided  they  are  not  destroyed  by  fire,  or 
razed  for  other  reasons. 

Now  there  is  no  doubt  in  my  mind,  that  as  they  are  now 
constructed,  these  buildings  will  stand  many  years.  But  not 
for  ages. 

About  two  years  ago  it  became  necessary  to  open  up  or 
strip  the  stone  work  from  a  steel  corner  column,  which  had 
been  in  position  about  ten  years.  The  surface  of  this  column 
was  found  to  be,  I  would  say,  badly  corroded,  paint  all  gone 
and  large  rust  scales  peeling  off.  Then  again  in  another  build- 
ing  we  had  occasion  to  uncover  the  steel  floor  beams  in  an  out- 
side wall,  the  beams  being  encased  or  fire-proofed  with  brick. 
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Here  again  corrosion  had  goiton  its  rusty  work  in  to  a  great 
extent,  and  only  nine  years  in  doing  it.  Gentlemen  you  can 
draw  your  own  conclusions. 

Of  course  it  is  indisputable,  that  if  steel  frames  were  bed- 
ded'in  cement  or  concrete  of  sufficient  quality  and  quantity^ 
to  entirely  exclude  the  air  and  gases,  then  our  high  buildings 
or  sky-scrapers  would  be  in  condition  to  better  stand  the  test 
of  time,  and  in  reality  be  monuments  to  the  owners  and  build- 
ers for  ages  to  come. 

Respectfully  submitted, 

J.  A.  A.  Brown, 

Superintendent  Bureau  of  Building  Inspection, 

City  of  Pittsburgh. 

Mr.'Albkee — Now  gentlemen,  the  subject  is  open  for 
discussion  and  there  ought  to  be  a  lively  discussion  on  it.  It 
is  now  a  few  minutes  after  ten  so  we  will  have  to  limit  the  dis- 
cussion to  not  over  five  minutes.  Perhaps  Mr.  Affelder,  of  the 
American  Bridge  Company  will  discuss  the  matter  of  steel  con^ 
struction.  He  is  a  representative  for  one  of  the  largest  steel 
constructors  in  that  kind  of  work. 

Mb.  Affelder — Mr.  Chairman,  I  did  not  know  of  this 
meeting,  not  being  a  member  of  this  Society,  and  I  did  not 
come  here  prepared  to  make  imy  remarks.  There  are  a  great 
many  things  which  could  be  said,  but  the  ground  has  been 
fairly  well  covered  in  a  general  way.  I  think  one  of  the  most 
important  things  that  has  been  brought  out  in  the  meeting  this 
evening  is  the  relation  between  the  architect  and  the  engineer. 
In  my  line  of  work  we  experience  considerable  trouble  along 
those  lines.  Not  with  the  architect  who  has  work  enough  to 
employ  an  engineer  to  do  that  portion  of  the  work  which  is  of 
an  engineering  character,  but  with  the  architect  who  uses  the 
Carnegie  or  any  other  hand  book  in  lieu  of  an  engineer.  Such 
handbooks  are  very  •valuable  if  used  by  those  who  know  their 
value,  but  they  may  do  a  great  deal  of  harm.     I  am  in  a  position 
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lo  see  a  great  many  plans  which  are  drawn  by  architects  and  engi- 
neers which,  perhaps,  would  not  stand  very  close  examination, 
I  recall  one  case  which  I  had  some  years  ago  in  which  the 
architect  desired  to  pat  a  ceiling  over  the  room  and  his 
spans  between  trasses  were  greater  than  he  could  weH  take 
care  of  by  using  single  beams.  He,  of  coarse,  resorted  to  a 
trussed  beam  but  as  trussing  would  ruin  the  appearance  of  the 
ceiling  if  it  projected  below  the  ceiling  line,  he  inverted  the 
beam.  That  is  one  of  a  srreat  many  criticisms  which  an 
engineer  may  make  of  an  architect.  When  an  architect  cannot 
afford  to  employ  an  engineer  to  assist  him  in  that  portion  of 
the  work  with  which  he  is  not  familiar,  of  course,  i-esults  are 
very  poor.  A  great  many  architects  will  build  a  combined  steel 
and  wood  structure  (this  does  not  come  under  fire-proofing 
construction)  by  which  he  will  have  a  system  of  beams  runmng 
longitudinally  through  the  building  and  into  these  he  will  frame 
wooden  joists.  The  architect  does  not  support  those  bents  of  steel 
frame  work  by  steel  struts,  but  allows  the  wood  work  alone  to 
support  the  columns.  In  case  of  fire,  the  tendency  will  be  to 
burn  out  the  joists  and  the  rest  of  the  system  will  collapse. 

Mr.  Albree — It  is  just  such  discussion  that  is  of  great 
advantage  to  the  Society.  Anything  that  can  increase  the  good 
relations  between  the  engineer  and  architect,  or  the  engineer 
and  the  public  in  general,  by  which  errors  may  be  reduced  to 
a  minimum  will  be  a  worthy  object  of  this  Society.  If  we  do 
nothing  but  make  such  harmony  the  Society  will  not  have  lost 
its  object  in  the  world.  We  have  with  us  Mr.  Clark,  who  ba& 
had  a  great  deal  of  experience  with  building  work  in  general. 
Perhaps  Mr.  Clark  will  say  something  on  the  subject. 

Mr.  Clark — I  will  have  to  contradict  that  statement.  My 
experience  has  not  been  in  fire-proofing  buildings,  and  in  fact, 
building  of  any  sort.  In  my  work  at  the  Union  Station  I  have 
had  very  little  to  do  with  the  building  proper,  and  do  not  feel 
like  discussing  the  question. 
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Mb.  Albbee — ^Tbe  meeting  is  open  for  general  discussion. 

Mb.  Flanaoan — My  ideas  have  been  changed  a  number  of 
times  in  the  last  few  years.     It  is  not  a  great  many  years  aga 
that  the  Hamilton  people  put  up  a  building  on  Fifth  avenue,  and 
put  a  little  tower  on  it.     It  was  one  of  the  sights  of  the  city  to* 
go  up  in  that  tower  and  look  around.     That  building  is  small 
in     comparison    with    others     that    have     gone    up     since. 
When    the    Carnegie    building    was     being    built,    I    was 
speaking    to     a     letter-carrier,      and     he     said     he     was- 
anxious  to    get  the  Carnegie    building,    as   it   would   be   a 
whole  established  town  by  itself.     That  was  the  first  time  I 
thought  anything  about  the  advantage  of  a  large  office  build- 
ing in  regard  to  distributing  mail.     Just  before  the  cap-stone 
was  placed  upon  the  Court  House  tower,  I  had  the  good  for- 
tune to  climb  up  there  and  look  around,    I  thought  it  wa& 
a  good  fortune  then  because  it  was  the  highest  thing  in  sights 
Everything  looked  small  from  that  vantage  point.      The  other 
day  I  was  in  the  Frick  building.     I  was  not  on  the  top  floor 
either,  and  looked  down  upon  the  Court  House  and  it  begins 
to  look  small.     There  is  one  drawback  and  that  is  the  big  crowd 
at  the  noon  hour.      Anyone  who  has  business  down  town  will 
wonder  what  is  going  to  be  done  when  we  get  a  few  more  Car- 
negie and  Frick  buildings  to  belch  forth  their  crowds  at  that 
time.     If  the  streets  could  be  made  wider  it  would  be  a  good 
tiling,  but  we  cftnnot  do  that.     It  would  be  a  good  thing  to^ 
bear  in  mind  that  the  wider  the  streets  can  be  made,  the  better 
they  are.     Penn  avenue  in  the  East  End  is  the  most  suitable 
place  in  Pittsburg,  for  high  office  buildings  at  the  present  time. 
I  notice  that  many  of  the  under-writers  prefer  wooden  shut- 
ters covered  with  heavy  tin  to  the  iron  shutters,  and  also  that 
they   favor  what  has  been  termed  slow- burning  construction 
over   the  massive  steel   columns  and  girders,  -and  in   some 
cases  the  floors  have  been  designed  with  joists  placed  solid, 
side  by  side,  which  they  say  will  withstand  almost  any  fire  that 
is  likely  to  take  place.     I  would  like  to  ask  those  who  are 
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familiar  with  the  conatractioD  of  office  building  steel  frame 
work,  why  it  is  there  is  so  much  heavy  material  still  used  in 
•them.  Yon  see  a  building  go  up  twenty  to  twenty-five  stories 
liigh  which  carries  the  granite  even  to  the  top  floor.  It  has 
seemed  to  me  that  perhaps  the  weight  of  the  material  might 
,give  stability  to  the  building. 

Mr.  Whitsd — As  to  the  point  the  gentleman  last  brought 
out,  it  strikes  me  that  stone  is  put  on  entirely  for  ornament ; 
it  does  not  add  anything  to  the  stability  of  the  building.  You 
will  see  sometimes  massive  arches  supporting  the  load  above, 
in  which  there  are  columns  ten  inches  square  and  several  feet 
high.  There  is  an  iron  beam  above  it  which  prevents  it  from 
falling  down. 

I  remember  one  place  in  the  Palmer  House,  the  front  en- 
trance is  a  system  of  two  arches  with  a  column  between.  As 
to  the  durability  of  these  structures,  I  think  there  is  a  great 
deal  to  be  said ;  and  I  think  the  chemists  could  throw  some 
light  on  the  subject.  There  are  two  phenomena  in  connection 
with  corrosion.  The  iron  is  a  hydrate  of  iron  and  as  near  as 
I  can  make  out,  that  hydrate,  as  it  is  formed  ordinarily,  is 
something  like  four  times  the  thickness  of  the  iron  of  which 
it  is  formed  ;  so  that  if  the  iron  .work  is  closed  in  in  -such  a 
way,  the  expansion  of  the  iron  will  produce  cracks  that  are 
visible  long  before  the  metal  has  corroded  to  any  dangerous 
extent  at  all.  The  expansive  force  of  iron  is  very  great ;  in 
fact,  it  is  irresistable.  That  is  to  say,  if  there  is  not  room  for 
hydrate  to  be  formed,  it  will  not  be  formed.  So  that  if  the 
fire-proof  covering  is  placed  closely  against  the  iron,  this  rust 
scannot  be  formed  without  displacing  it.  If  -j^  of  an  inch  of 
the  iron  is  consumed  in  corrosion,  the  result  will  be  that  the 
iron  hydrate  will  have  a  thickness  of  about  ^  of  an  inch.  That 
will  produce  cracks  in  the  fire-proofing  that  will  be  visible. 
The  thing  to  my  mind  is  a  rather  formidable  question.  If  it 
is  practicable,  I  would  prefer  cement  to  be  put  against  the 
structure.     I  have  seen  Portland  cement  used  for  surrounding 
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iron  work  and  I  have  seen  it  crack  off.  If  the  concrete  i& 
made  rich  enough  so  that  it  lays  close  against  the  metal  and 
leaves  no  spaces  for  water  to  work  in,  it  will  be  an  absolute 
protection.  Another  fact,  the  formation  of  hydrate  of  iron  i& 
an  acid  process.  It  takes  place  much  more  freely  in  the  pres- 
ence of  acids.  In  fact,  it  does  not  take  place  at  all,  only  in 
the  presence  of  some  kinds  of  acids.  Cements  are  all  the  pro- 
ducts of  alkalines.  If  the  mortar  is  rich  enough,  it  will  pro- 
tect the  metal  if  it  is  so  made,  that  water  cannot  work  be- 
tween. I  do  not  mean  to  say  that  this  whole  thickness  of  the 
fire-proofing  must  be  made  of  Portland  cement,  but  the  part 
lying  next  to  the  metal,  however  thin  it  may  be,  if  it  could 
be  made  of  that,  it  would  prevent  any  dangerous  coiTosion. 

A  Membeb — Our  friend,  Mr.  Wight,  speaks  of  the  use 
of  wired  glass.  He  refers  to  the  question  of  breakable  glass 
over  elevators.  A  question  has  just  come  on  that  line  which 
has  been  brought  to  my  notice.  The  elevator  shaft  I  refer  to 
contains  four  cars  and  the  owner  was  compelled  to  close  them 
permanently  with  wired  glass.  Since  then  all  the  openings  in 
the  building  have  had  to  be  closed  up  and  the  buildipg  has  be- 
come almost  unbearable  on  account  of  the  heat.  It  was 
decidecl  to  open  up  this  elevator  shaft  and  let  the  heat  escape. 
But  what  about  the  fire  risk  ?  You  are  going  to  increase  the 
fire  risk  and  will  have  to  pay  more  for  it  at  once.  What  will 
we  do,  let  the  tenants  suffer  from  the  heat  ?  The  matter  of 
ventilation  is  a  question  made  almost  prohibitive  by  insurance 
companies.  It  seems  to  me  that  the  question  of  insurance 
people  compelling  owners  to  be  protected  by  closing  up  the 
elevator  shafts  by  the  use  of  wired  glass  indiscriminately  and 
making  the  building  almost  uninhabitable,  is  worthy  of  some 
thought. 

Mr.  Albree — Mr.  Wight,  there  have  been  two  questions 
brought  up  that  you  have  perhaps  something  to  say  about. 
One  is  by  Mr.    Whited  as  to  rust  under  ordinary  clay  fire- 
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proofing.     The  other  is  this  point  in  regard  to  wired  glass. 
That  seems  to  be  something  rather  new  to  most  of  us. 

Mr.  Wight — Gentlemen,  if  you  feel  that  you  would 
like  to  hear  something  on  this  subject,  I  will  consent.  I  want 
to  say  this,  however,  that  I  have  tried  my  best  in  a  great  many 
talks,  to  avoid  this  question  of  corrosion  of  steel.  I  have 
not  the  least  fear  myself  about  it,  and  a  great  deal  of  this 
talk  about  corrosion  is  sheer  nonsense.  We  can  measure  it 
to  a  certain  extent,  by  noticing  the  effect  of  the  atmosphere  on 
•exposed  sheet  metal.  For  instance,  if  you  notice  sheet  iron, 
you  know  just  what  its  thickness  is.  and  when  that  is  corroded, 
it  is  corroded  on  both  sides.  A  great  deal  of  thin  sheet  steel 
<ioe8  corrode,  and  invariably  when  used  in  connection  with 
sulphate  of  lime,  which  is  contained  in  the  plaster,  and  which 
attacks  it  very  readily.  I  know  of  plenty  of  it  that  has  completely 
<ii8appeared.  This  steel  is  extemely  thin,  mostly  24  or  26 
gauge.  Now  when  you  take  thicker  grades,  you  have  a  certain 
index  of  the  amount  consumed  in  corrosion  on  both  sides,  and 
tf  you  take  the  result  of  this,  you  can  make  some  estimate  of  the 
time  it  will  take  the  material  to  injure  the  strength  of  the 
structural  steel.  For  my  part,  I  never  thought  it  was  worth 
while  to  take  the  time  to  make  the  calculation.  In  extreme 
^cases  I  have  seen  I  beams  taken  out  of  a  building,  which 
were  put  in  in  1868,  which  were  exposed  to  leaking  water 
from  1858  to  1870.  That  is  12  years.  I  do  not  count  the 
time  after  that.  During  those  years  1  do  not  think  there 
was  a  particle  of  corrosion  in  the  parts  of  those  I  beams  not 
exposed  to  leaking  water.  In  the  parts  exposed  to  leakage 
which  I  measured  there  was  not  more  than  1/16  of  an  inch 
of  loss  on  both  sides.  They  were  beams  used  to  support  a 
water-tank  in  Chicago.  A  water-tank  is  always  sweating  and 
is  always  damp.  I  call  that  an  extreme  case.  I  do  not  know 
•of  a  worse  one.  In  the  center,  I  could  not  see  any  deter- 
ioration at  all.  They  were  just  as  good  as  when  they  were  put 
in.     That  is  all  I  have  to  say  about  corrosion  of  steel.     I  think 


DISCUSSION.  247 

there  has  been  soifie  food  on  this  subject  furnished  to  news- 
papers who  have  a  desire  to  fill  up  their  columns.  As  all  these 
large  modern  buildings  are  heated  by  steam,  there  will  never 
be  any  corrosion.  I  would  like  to  know  where  there  is  one 
of  them  that  water  can  penetrate.  If  the  Ateel  is  exposed  in 
few  little  spots,  these  spots  may  deteriorate,  but  that  does  not 
make  the  buildings  unsafe.  I  know  bf  one  case  where  a  build- 
ing inspector  found  a  piece  of  corroded  steel,  and  wrote  to  the 
newspapers  about  it.  That  had  probably  been  wet  and  dry 
at  times,  and  he  made  a  great  talk  about  it,  and  got  a  great 
deal  of  advertising.  1  do  wish  scientific  men  and  engineers 
would  take  up  the  subject,  and  put  a  stop  to  the  foolish  talk. 
If  the  threatened  famine  in  steel  comes,  we  will  have  to  go  back 
to  the  old  way.  A  steel  skeleton  is  not  an  absolutely  necessary 
thing.  You  can  build  floors  without  any  steel  except  a  few 
rods.  I  have  some  photographs  of  them.  Sections  of  floor  16 
X  18  feet  have  stood  a  test  of  700  pounds  to  the  superficial 
foot,  distributed  load. 

About  that  wired  glass,  now  I  do  not  say  what  I  do  be- 
cause of  the  building  laws  of  Chicago.  They  require  that 
there  must  be  a  skylight  over  the  elevator  shaft.  I  would  put 
in  double-thick  sheet  glass  and  I  would  use  the  kind  that  would 
not  take  much  heat  before  it  would  break.  There  should  be 
wire  screens  over  the  glass  tha't  will  resist  hail  stones.  Fire 
is  a  very  dangerous  thing  and  if  it  wants  to  go  up,  help  it  go 
up  and  get  rid  of  it.  There  have  been  two  fires  in  the  ( Treat 
Northern  Hotel  in  Chicago,  and  little  harm  has  been  done. 
There  are  so  many  fires  in  fire-proof  buildings  in  Chicago  that 
I  have  stopped  making  any  record  of  them.  There  was  a  fire 
in  the  Annex  Hotel  last  Wednesday.  It  burned  out  one 
room.  They  pulled  out  about  forty  blankets  and  the  fire  got 
so  bad  they  shut  the  door  and  stood  watching  it  with  a  hose  in 
their  hands.  The  fire  burned  itself  out,  and  they  had  no  panic 
about  the  building.  It  is  a  good  building.  It  stood  the  fire. 
No  other  than  a  fire-proof  building  would  have  stood  it     I 
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know  one  building  in  Cleveland  where  they  had  five  fires  in  a 
year.  It  is  perfectly  astonishing  the  number  of  fires  in  these 
buildings.     But  good  fire-proofing  has  saved  them. 

With  reference  to  insurance,  I  do  not  think  I  will  waste 
my  time  discussing  it.  I  do  not  think  insurance  has  ever 
had  any  effect  on  building.  In  fact,  without  insurance  all 
buildings  would  be  made  fire-proof.  Every  man  tries  to  make 
his  building  bs  bad  as  he  can  provided  he  can  get  it  insured. 
We  have  fire-proof  buildings  some  of  the  most  dangerous  kind 
and  others  of  the  best  kind.  The  building  law  in  Chicago  re- 
quires that  there  shall  be  a  large  ventilator  over  the  stage  in 
every  theatre  ;  which  is,  to  produce  a  draft  in  order  to 
keep  the  fire  from  going  down  into  the  auditorium.  Every 
theatre  that  has  been  burned  where  this  is  provided  has  been 
burned  in  the  direction  of  the  stage,  not  in  the  direction  of  the 
audience.  There  was  one  burned  right  under  my  window. 
The  energy  of  the  fire  was  on  the  stage  end.  The  whole  ten- 
dency of  the  fire  was  to  go  that  way. 

Mr.  Hirsgh — I  would  like  Mr.  Wight  to  tell  us  some- 
thing about  the  settling  of  steel  buildings  in  Chicago,  on  ac- 
count of  the  compressible  nature  of  the  soil. 

Mr.  Wight — The  modern  system  is  to  build  on  concrete 
wells.  Grill  foundation  is  practically  out  of  use  in  Chicago, 
There  is  no  settling  of  buildings  on  the  well  foundations. 
These  wells  go  down  about  90  feet,  where  they  reach  a  hard 
ground  which  cannot  be  removed  without  dynamite.  It  is  be- 
low this  where  all  water  tunnels  are  bored.  There  are  four 
bored  out  four  miles  into  the  lake,  and  connected  with  the 
cribs.  That  is  where  we  get  our  water  supply.  There  has  never 
been  any  settling  on  any  good  job,  where  concrete  wells  are 
used.  Settlements  of  buildings  which  are  built  with  the  so 
called  floating  foundations  have  been  various.  They  vary  in 
different  buildings.  Most  of  them  have  4,000  pounds  weight 
to  the  superficial  foot.  I  know  some  of  them  must  have 
more.     This  variation  in  settling  is  due  to  two  things.     The 
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iormation  of  the  clay  is  not  uniform.  It  is  generally  uniform 
under  each  building.  It  is  my  opinion  that  there  has  been  a 
great  deal  of  inaccuracy  in  the  calculation  of  the  weight  of 
these  buildings.  However,  we  need  not  be  so  careful  now 
since  we  use  wells.  I  used  old  iron  rails  at  first.  In  that 
instance  we  put  in  a  foundation  and  computed  at  4,000  pounds 
superficial  weight.  During  the  year  afterward  that  building 
only  settled  If  in.,  and  we  kept  the  building  next  door  on 
screws.  We  put  them  on  the  edge  of  our  new  foundation  and 
as  our  building  settled  we  screwed  the  old  one  up.  After,  five 
or  six  years  I  noticed  that  the  building  next  door  showed  cracks. 
The  new  building  has  settled,  I  think,  about  three  inches 
since  then.  Parts  of  the  City  Hall,  they  say,  have  settled 
18  inches.  There  is  an  aggregation  of  buildings  there  which 
consists  of  the  Great  Northern  Hotel,  Theatre,  OflSce  Build- 
ing, and  Majestic  Building,  which  were  all  built  at  diflFerent 
times.  The  greatest  care  was  taken  to  proportion  the  foun- 
dations of  these  several  buildings,  all  designed  by  the  same 
architect,  so  that  they  would  settle  equally.  But  the  result 
was  not  entirely  satisfactory  and  demonstrated  the  difficulty 
in  erecting  adjoining  buildings  on  a  compressible  soil.  The 
use  of  concrete  wells  has  overcome  this  difficulty  in  more  recent 
structures. 

Mr.  Albhee — In  line  with  the  present  discussion  of  high 
buildings,  it  is  hoped  by  the  management  to  obtain  permission 
from  Mr.  Frick  within  the  next  week  or  two,  for  the  Society 
to  go  through  the  Frick  Building  some  evening,  especially  to 
see  the  power  plant,  and  we  have  an  invitation  from  one  of 
the  large  tenants  of  the  building  to  make  use  of  their  rooms, 
and  we  hope  to  have  one  or  two  short  papers  to  read  at  the 
Frick  Building,  which  will  make  our  visit  to  the  subterranean 
regions  more  interesting.' 

For  our  next  meeting  We  will  have  a  paper  by  Mr.  Clark, 
who  is  with  us  to-night,  regarding  some  features  of  the  Union 
Station  work. 
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If  there  is  any  other  business  we  will  take  it  up  now. 

Mb.  Hibsch — ^As  Chairman  of  the  Programme  Commit- 
tee, I  wish  to  say  a  few  words.  There  is  considerable  labor 
involved  in  arranging  for  these  papers,  but  it  has  been  a  pleas- 
ure to  me  on  account  of  the  courteous  manner  in  which  I  have 
been  received  by  these  gentlemen,  and  the  members  of  the 
Society.  The  large  number  of  excellent  papers  which  we  have 
been  able  to  present  at  these  meetings  is  very  gratifying  to  the 
committee,  and  I  will  ask  the  Society  to  pass  a  vote  of  thanks 
to  these  gentlemen  for  their  very  interesting  papers.  When 
they  are  printed  in  our  proceedings  they  will  make  a  very  in- 
teresting series  of  papers. 

I  move  that  a  vote  of  thanks  be  tendered  these  gentlemen 
for  their  excellent  papers.     Motion  carried. 

On  motion  the  Society  adjourned  at  11:05  P.  M. 

Chables  W.  Bidingeb, 

Sec^y. 
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CHEMICAL  SECTION.- 

The  regular  monthly  meeting  of  the  Chemical  Section 
was  held  Thursday  evening,  May  22,  1902,  in  the  rooms  of 
the  Society,  the  chairman,  Dr.  K.  F.  Stahl,  presiding.  The 
evening  was  devoted  to  discussion  of  the  new  By-Laws, 
submitted  by  the  committee  appointed  to  draft  them.  Pro- 
fessors F.  C.  Phillips  and  Mr.  Wilkins.  After  amendments 
and  corrections  they  Wete  adopted  by  vote  of  the  Section  and 
the  commitee  commended  for  the  prompt  and  able  manner  in 
which  it  had  fulfilled  its  obligation. 

On  motion  the  Section  adjourned. 

Chas.  H.  Rich, 

Sec'y.  C.  S. 
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The  two  hundred  and  twenty-sixth  regular  monthly  meet- 
ing of  the  Engineers'  Society  of  Western  Pennsylvania  was 
held  in  the  Lecture  Room  of  the  Society's  house,  410  Penn 
Ave.,  Pittsburg,  Pa.,  Tuesday  evening,  June  17th,  1902. 
The  meeting  was  called  to  order  at  8:30  o'clock,  with  the  Vice- 
President,  Prof.  F.  C.  Phillips,  in  the  chair,  and  eighty-nine 
members  and  visitors  present. 

The  minutes  of  the  preceding  meeting  were  read  and  ap- 
proved. 

The  Board  of  Direction  reported  that  they  had  passed 
favorably  on  the  following  applications  for  membership,  and 
presented  the  same  to  the  Society  for  action  : 

NAME.  OCCUPATION  AND  ADDRESS.  ENDORSED  BY. 

LOUIS  J.  AFFELDER,         Contracting  Engineer,     -        |  ^'  w.^id?nger. 

Americftn  Bridge  Co.,  826  Frick  Bldg.,  Pittsburg.  Pa., 
h.,  1211  Sheffield  St.,  Allegheny,  Pa. 

JOHN  M.  DAVISON,    -       Civil  Engineer,        -       -      {^i^g^'iq^"' 

American  Sheet  Steel  Co.,  Pittsburg,  Pa., 
h.,  1216  Buena  Vista  8t.,  Allegheny,  Pa. 

VICTTOR  E.  EDWARDS,     Mechanical  Engineer,        -        |  Sumn^r^B^ly 

Morgan  Construction  Co.,  Worcester,  Mass. 

AVILLIAM  J.  HARRIS,        -       Manufacturer,        -        { John  W*  Landis 
Prop.  Wm.  Harris  &  Sons  Forging  Co.,  .P.  O.  Box  1082,  Pittsburg,  Pa. 

FRANK  C.  IRVINE,        -       Engineer.        -       -  { i^SidV^^Si^ 

*  C.  <&  M.  Railway,  Economy,  Beaver  County,  Pa. 

HUGH  D.  KIMBER,        With  W.  G.  Wilkins,    -      |  c"  W.^itoiger'^^"^' 
Westinghouse  Bldg.,  Pittsburg,  Pa.,  301  Colonial  Bldg.,  Wilkinsburg,  Pa. 

CHAS.  R.  MILLER.        -       Gerk,        -       -        -     { ^J.^^^^S^r!'' 

Purchasing  Dept,  Carnegie  Steel  Co.,  Pittsburg,  Pa., 
h.  250  Atlantic  Ave.,  Pittsburg,  Pa. 
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Mr.  Albree — I  move  that  the  Secretary  be  requested  to 
cast  the  ballot  for  the  election  of  the  gentlemen  whose  names 
have  been  read. 

Prof.  Phillips — We  have  authority,  by  the  new  By- 
Laws,  to  vote  on  applicants  who  have  been  proposed  at  a 
meeting  of  the  Board.  It  is  not  necessary  for  them  to  be  held 
over  for  a  month,  if  the  names  have  been  posted  previous  to 
presentation  to  the  Society  for  action. 

Motion  carried. 

The  Board  of  Direction  recommends  that  the  Society 
authorize  the  Reception  Committee  to  make  necessary  arrange- 
ments for  a  Smoker  to  be  held  Thursday  evening,  July  3rd, 
for  the  entertainment  of  the  visiting  members  of  Sections  C 
and  D,  of  the  American  Association  for  the  Advancement  of 
Science,  and  that  the  Society  members  attending  the  Smoker 
be  requested  to  pay  $1  each. 

Prof.  Phillips — Of  the  visiting  scientists  who  are  to  be 
here  towards  the  end  of  the  month,  there  are  two  sections  of 
the  American  Association  for  the  Advancement  of  Science. 
It  is  probably  due  them  that  this  Society  show  them  some 
special  courtesy,  and  this  resolution  has  reference  to  the  sec- 
tion of  Chemistry  and  Engineering.  Will  you  recommend  the 
Reception  Committee  to  take  steps  to  provide  a  smoker  as 
they  are  recommended  to  do  ? 

Mr.  Johnston — I  move  that  tjie  Reception  Committee 
be  instructed  to  proceed  with  arrangements  for  a  Smoker  as 
outlined  in  that  resolution. 

Motion  carried. 

Prof.  Phillips — ^Are  there  any  reports  of  special  com- 
mittees ?  Mr.  Johnson,  have  you  any  report  to  offer  on  the 
reception  of  the  coming  visitors  ? 

Mr.  Johnston — Mr.  Chairman,  I  would  like  to  ask  if 
any  steps  were  taken  to  cany  out  the  suggestion  to  tender  the 
use  of  these  rooms  to  the  engineers  and  chemists  in  attendance 
at  the  meeting  of  the  American  Association, 
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Prof.  Phillips — I  think  nothing  was  done. 

Mr.  Johnson — ^I  would  make  a  motion  that  the  Secre- 
tary be  authorized  to  tender  the  use  of  these  rooms  to  the 
Engineering  and  Chemical  Sections  of  the  Association  during 
their  meeting. 

Motion  carried. 

Prof.  Phillips — I  have  just  receivd  word  of  the  death 
of  a  member  of  our  Society,  Col.  T.  B.   Nichols. 

We  come  next  to  the  reading  of  the  papers,  of  which  we 
have  several  important  ones  this  evening,  in  regard  to  the 
erection  of  the  Union  Station.  The  first  one  is  <*The  loca- 
tion, preparation  of  site,  approaches,  elevated  tracks  and  train 
sheds,"  by  Mr.  G.  C.  Clark.     . 
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THE  NEW  UNION  STATION  P.P.  R.,  PITTSBURG,  PA. 

THE  LOCATION,  PREPARATION  OF  SITE,  APPROACHES,  ELEVA- 
TED TRACKS   AND  TRAIN  SHEDS. 

BY    MR.     G.     C.     CLARK, 

Assistant  Engineer  of  Construction,  P.  R.  R. ,  Pittsburg,  Pa. 

When  it  was  decided  to  build  a  new  Union  Station  at 
Pittsburg  with  more  commodious  rooms  for  the  traveling  pub- 
lic, more  tracks,  and  longer  tracks  in  the  train  shed,  and  an 
approach  from  the  west  that  would  do  away  with  the  dangerous 
crossings  at  Liberty  avenue  and  11th  street,  and  at  Penn  ave- 
nue, the  first  questions  to  be  decided  were  location,  size  and 
elevation  of  train  floor. 

The  different  roads  approached  the  old  station  on  the  fol- 
lowing grades  and  lines.  The  main  line  and  the  Buffalo  and 
Allegheny  Valley  Division  of  the  Pennsylvania  R.  R.  directly 
from  the  east  on  a  descending  grade  of  0.9  ft.  per  100  from 
17th  street,  to  the  west  end  of  the  train  shed.  From  the  west 
on  the  north  side  of  the  station,  the  Pittsburg,  Fort  Wayne 
&  Chicago  Railroad  crossing  the  streets  before  mentioned  at 
grade,  approaching  on  an  18°  curve  and  a  level  grade.  The 
Duquesne  freight  track  coming  up  Liberty  avenue,  and  join- 
ing the  Fort  Wayne  road  at  the  west  end  of  the  old  station. 
To  the  south  of  the  station  the  Pittsburg,  Cincinnati,  Chicago 
and  St.  Louis  Railroad  and  the  Monongahela  Division  of  the 
Pennsylvania  Railroad  approached  from  the  west  through  the 
Try  street  tunnel.  We  have  then  as  the  determining  points 
Liberty  street,  one  of  the  principal  streets  of  Pittsburg,  on 
the  north  at  an  elevation  of  743  feet,  on  the  south  the  Grant 
boulevard,  approximately  parallel  to  Liberty  street,  and  400 
feet  distant  therefrom  at  an  elevation  of  807  feet,  or  64  feet 
above  Liberty  street,  at  the  west  end  of  the  station,  and  rising 
rapidly  toward  the  east  until  it  reaches  an  elevation  of  916  feet, 
or  173  feet  above  Liberty  at  17th  street. 
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The  boulevard  being  supported  on  the  north  side  by  a  re- 
taining wall  having  the  foundation  opposite  the  east  end  of  the 
old  station  at  an  elevation  of  777  feet,  or  34  feet  above  Lib- 
erty street,  and  rising  gradually  until  at  17th  street,  the  eleva- 
vation  of  the  bottom  of  foundation  is  approximately  895  feet, 
or  152  feet  above  Liberty  street.  To  the  west  we  have  at  a 
distance  of  1150  feet  from  the  east  end  of  the  old  station,  the 
Try  street  tunnel  at  an  elevation  of  743.3  top  of  rail,  or  about 
that  of  Liberty  street.  The  width  of  the  station  is  then  deter- 
mined by  the  distance  between  Liberty  street  and  the  Grant 
boulevard  and  the  following  facts.  There  must  be  one  track 
on  the  north  for  the  Duquesne  freight;  there  must  be  two  tracks 
for  the  Fort  Wayne  freight  trains,  which  shall  not  be  interfer- 
ed with  by  Passengers  trains  standing  to  load  or  discharge 
passengers;  there  must  be  at  least  three  tracks  for  the  use  of 
these  passenger  trains ;  the  P.  C.  C.  &  St.  L.  and  Mononga- 
hela  Division  trains  must  have  at  least  as  great  a  number  of 
tracks  to  the  south  of  the  station.  Bringing  these  tracks  to- 
gether as  rapidly  as  possible  after  leaving  the  starting  point, 
we  find  175  feet  as  the  maximum  width  for  the  station  proper. 
Since  it  is  necessary  to  have  eight  tracks  for  the  use  of  the 
Eastern  traffic,  making  the  total  number  of  tracks  at  the  train 
shed  twenty  (20)  and  remembering  that  the  farther  east  we  go 
the  higher  the  boulevard  becomes,  and  the  greater  the  distance 
the  tracks  must  be  kept  from  it,  we  see  that  the  farther  west 
the  station  is  kept,  the  better.  In  this  direction,  however,  we 
find  Try  street  tunnel  which  must  be  gone  through,  and  Lib- 
erty street  which  is  to  be  crossed  overhead.  Taking  a  maxi- 
mum grade  of  1  %  from  Try  street  tunnel,  and  lowering  Liber- 
ty street  as  much  as  possible  without  damaging  the  property 
on  that  thoroughfare,  we  find  the  most  western  point  at  which 
the  Panhandle  and  the  Fort  Wayne  tracks  can  be  brought  to 
the  same  elevation  to  be  100  feet  east  of  the  old  station  and  at 
an  elevation  of  755.8  feet. 
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Since  it  is  very  desirable  for  the  conyenienoe  of  passen- 
gers, and  almost  necessary  for  the  interchange  of  baggage  to 
have  all  tracks  at  the  same  elevation  along  the  platform,  this 
point  determines  the  location  of  the  east  end  of  the  station 
lobby  and  the  elevation  of  the  train  floor. 

PREPARATION  OF  STTK 

Work  of  preparing  the  site  for  the  head  hoase  or  station 
proper  was  began  in  March,  1900.  The  first  step  was  to  shorten 
the  tracks  in  the  Grant  street  freight  yard,  and  put  in  new 
connections  with  the  main  track.  Second,  to  tear  down  the 
old  P.  C.  C.  &  St.  L.  roand  hoase  and  the  retaining:  wall  from 
that  point  to  the  Try  street  tunnel  and  to  grade  this  ground 
down  to  the  elevation  of  the  new  tracks.  The  old  station  be- 
ing on  the  ground  to  be  occupied  by  the  new  one,  it  was  neces- 
sary to  provide  temporary  quarters  and  tear  down  the  old 
building  before  any  progress  could  be  made  towards  erecting 
the  present  one.  The  west  end  of  the  train  shed  was  therefore 
taken  down  and  a  rough  frame  building  200  by  80  feet  was 
erected  on  the  space  thus  obtained  (see  photograph  No.  1). 
This  building  contained  all  of  the  essentials,  though  few  of  the 
comforts,  of  a  first  class  passenger  station.  Waiting  room, 
dining  room,  restaurant  and  kitchen,  baggage  room,  ticket 
offices,  both  railroad  and  Pullman,  mail  rooms,  womens'  wait- 
ing room,  barber  shop  and  toilet  rooms.  Perhaps  the  only 
thing  worth  mentioning  about  the  construction  of  this  building 
was  the  plumbing.  As  it  was  desired  to  raise  it  along  u  ith  the 
tracks  while  it  was  occupied  (see  photograph  No.  2),  the  sup- 
ply pipes,  soil  pipes,  aud  steam  pipes  bad  to  be  arranged  so 
that  no  breaks  or  leaks  could  occur  while  this  was  in  process. 
In  order  to  provide  for  this,  connections  were  made  as  shown 
on  Figure  1. 

These  pipes  were  supported  by  stirrups  fastened  to  the 
floor  of  the  building  and  the  connection  was  supported  by 
blocking  as  the  station  was  raised ;  until,  at  the  end  of  that 
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operation,  the  elevation  of  this  connection  was  as  shown  on 
Figure  2.  This  building  being  completed  the  traffic  was  turned 
into  it  on  the  5th  of  July,  and  the  razing  of  the  old  building 
begun.  As  about  70,000  people  passed  through  this  building 
each  day,  the  work  had  to  be  done  with  great  care.  The  side 
walls  having  first  been  braced  by  running  4x6  timbers  hori- 
zontally on  line  with  the  middle  of  the  second  story  windows, 
and  attaching  to  these  other  4x6  timbers  which  ran  through 
the  windows  and  were  fastened  by  posts  in  the  middle  of  the 
building,  and  below  the  level  of  the  second  floor.  A  track  was 
laid  from  the  west  down  the  middle  of  the  building,  in  what 
had  been  the  waiting  room,  and  as  the  material  was  torn  down 
it  was  loaded  into  cars  and  shipped  away.  This  work  was  fin- 
ished about  July  20th.  A  high  board  fence  was  then  placed 
about  the  site  and  the  work  of  excavating  for  the  foundations 
begun. 

CONSTRUCrriON  WORK  OUTSIDE  OF  BUILDINGS. 

Under  this  head  will  come  : 

Track  raising. 

Retaining  walls. 

Face  walls.  -^ 

Tunnels. 

Bridges  and  Viaduct  north  of  station. 

Train  shed. 
Had  this  amount  of  work  been  done  in  the  open  country, 
with  nothing  to  contend  with  except  nature,  it  would  not  be 
worth  your  while  to  listen  to  an  account  of  how  it  was  accom- 
plished. But  when  you  consider  that  the  space  in  which  this 
work  was  done  was  not  sufficient  in  an  untrammeled  condition 
for  the  business  which  was  carried  on,  and  that  261  regular 
passenger  trains  carrying  100,000  people  not  only  came  and 
went,  but  were  made  up  in  this  space  daily,  and  that  90  freight 
trains  daily  passed  through  this  yard,  we  think  that  you  will 
realize  that  only  a  journal  of  troubles  could  describe  all  the 


264        ENGINP^ERS'  SOCIETY  OP  WESTERN  PENNSYLVANIA. 

makeshifts  that  were  resorted  to  in  order  to  prosecute  the 
work  without  entirely  closing  down  this  end  of  the  Pennsyl- 
vania system. 

TRACK  RAISING. 

As  we  have  mentioned  in  describing  the  location  of  the 
Union  Station,  the  elevation  of  the  tracks  at  the  east  end  of  it 
when  work  began  was  743.00  feet,  and  at  17th  St.  761.00  feet. 
The  new  elevation  of  track  at  the  east  end  of  the  station  is 
766.00,  and  at  17th  St.  761.00,  the  same  as  previously.  This 
necessitated  raising  the  tracks,  platforms,  signals,  gas  and  water 
pipes  which  supplied  cars  in  the  shed,  an  amount  varying  from 
0  at  17th  Street  to  13  feet  at  the  east  end  of  the  station.  This 
raising  covered  an  area  of  more  than  ten  acres,  and  required 
100,000  cubic  yards  of  material  to  be  put  under  tracks  and 
platforms.  The  material  used  was  that  excavated  from  the 
hill  south  of  the  station  to  make  room  for  more  tracks.  This 
was  slate,  rock  and  clay.  The  work  could  no  doubt  have  been 
done  more  rapidly  with  cinder,  but  now  that  it  is  finished,  the 
fill  is  much  more  satisfactory  than  one  of  cinder  could  be,  as 
the  latter  would  continue  to  settle  for  a  long  time,  and  there  is 
always  danger  of  a  smouldering  fire  in  cinder  used  over  any 
great  area.  The  track  room  in  the  old  station  was  so  limited 
when  at  its  best  that  it  was  not  thought  possible  to  take  up  any 
tracks  while  this  raising  was  being  done,  and  the  following  plan 
was  adopted.  Let  me  first  explain  that  there  are  two  periods 
in  each  24  hours  when  the  traffic,  both  through  and  local,  is 
very  much  heavier  than  at  any  other,  from  6  A.  M.  to  9  A.  M., 
and  during  the  same  hours  of  the  evening.  During  these  eight 
hours  of  the  day,  the  capacity  of  the  yard  was  taxed  to  its  ut- 
most and  nothing  could  be  attempted.  As  soon  after  this  busy 
period  as  one  track  could  be  cleared,  a  large  number  of  men 
were  put  on  it  and  it  was  jacked  up  about  one  foot,  and  block- 
ed in  that  position  with  ballast  or  rock.  When  this  was  done, 
and  the  track  next  to  it  could  be  cleared,  a  train  of  mud  cars 
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was  placed  on  this  second  track  and  the  material  shoveled  on 
to  the  first  and  lammed  under  the  ties.  This  same  action  was 
repeated  by  the  next  shift,  except  that  the  train  stood  on  the 
first  track  and  the  second  was  raised.  The  platforms  were 
lifted  at  the  same  time,  being  held  up  by  wooden  blocking, 
and  the  filling  kept  about  4  feet  below  the  platforms  to  allow 
room  for  men  to  work  until  they  were  raised  to  the  desired 
height,  when  they  were  filled  to  a  level  with  the  material  under 
the  tracks. 

RETAINING  WALLS  AND  FACE  WALLS. 

Strictly  speaking,  there  were  but  two  retaining  walls  built. 
One  running  from  Try  Street  Tunnel  to  the  Washington  Street 
foot  bridge,  600  feet  long  and  22  feet  high  above  the  footing 
course.  This  wall  is  built  upon  stiff  clay  capable  of  sustaining 
a  weight  of  four  tons  to  the  square  foot  with  safety,  while  the 
greatest  weight  put  upon  it  is  two  tons.  It  has  a  footing 
course  of  4  feet  of  concrete  mixed,  as  is  all  other  founda- 
tion concrete  at  Union  Station  : 

1  part  Cement. 

2  parts  Sand. 

5  parts  Broken  Stone. 
This  concrete  was  mixed  very  wet  and  well  rammeil,  and 
was  allowed  to  take  its  initial  set  before  the  stone  work  was 
placed  on  it.  The  width  of  the  wall  on  top  under  the  coping 
is  3.5  ft.  and  at  the  bottom  of  the  neat  work  11.6  ft.  The 
bottom  width  being  calculated  from  the  following  imperical 
formula : 

W=  2^  —  3^ 
in  which  W  =  width  at  bottom  and  h  =  height  of  wall  above 
neat  line.  This  gives  a  wall  quite  sufficiently  strong  where 
the  height  is  over  18  feet.  Where  it  is  less  than  18  feet  the 
constant  3  becomes  too  large  in  proportion  to  the  other  factors, 
and  the  formula  is  changed  to  W  =  ^  h  +  3.  For  the  height 
of  18  feet  these  two  formula  will  give  an  identical  value  for  W. 
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The  only  difficulty  encountered  in  building  this  wall  was  that 
caused  by  working  in  a  very  cramped  space  due  to  the  prox- 
imity of  the  Panhandle  tracks,  and  the  large  amount  of  shoring 
necessary  to  support  the  Boulevard  wall,  the  foundation  of 
which  is  of  filled  material  18  feet  above  the  foundation  of  the 
Panhandle  retaining  wall,  and  uot  more  than  70  feet  back  of  it 
at  any  point,  while  at  the  Washington  Street  foot  bridge  the 
face  of  the  Boulevard  wall  is  in  line  with  the  back  of  the  Pan- 
handle wall.  A  much  more  interesting  piece  of  construction 
was  that  of  the  Liberty  Street  retaining  wall.  This  extends 
from  the  east  end  of  the  station  to  within  200  feet  of  17th 
Street,  a  distance  of  2,150  feet,  with  a  height  above  foundation 
varying  from  3  feet  at  the  eastern  or  17th  Street  end  to  16 
feet  at  the  western  end,  and  was  built  to  support  the  main  yard 
above  the  Duquesne  freight  track.  The  excavation  for  this 
wall  was  made  and  the  masonry  built  directly  under  one,  and  in 
some  places  two,  Fort  Wayne  tracks  while  they  were  being 
used  by  freight  and  passenger  trains.  We  will  describe  the 
method  in  detail  as  it  was  used  with  slight  variation  in  much 
of  the  work  at  Union  Station.  Excavation  was  first  made  for 
a  short  distance  under  each  rail  to  a  depth  of  about  30'  below 
the  base  of  tie,  the  track  being  supported  meanwhile  by  block- 
ing under  alternate  ties ;  then  three  Y.  P.  stringers  8'  x  14' 
and  24  feet  long  were  placed  under  each  rail  and  so 
arranged   that   no   two   joints  were  less  than  six  feet  apart. 
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12'  X  12"  Hemlock  Caps  were  then  placed  under  these  string- 
ers at  intervals  of  6  feet,  each  break  in  the  stringers  resting 
on  a  cap.  Every  other  cap  was  then  firmly  blocked  up,  and 
the  alternate  ones  allowed  to  hang  free.  Excavation  was  then 
continued  under  these  free  caps,  and  3  feet  on  either  side,  to  a 
depth  of  about  6  feet  below  the  base  of  tie,  when  a  small  l:)ent 
was  erected  and  firmly  blocked  ;  taking  the  weight  off  the  caps 
which  had  been  resting  on  blocking.  This  blocking  was  then 
removed  and  the  material  excavated  to  some  distance  below 
the  sill  of  the  first  bent.  This  distance  varying  accordingly  to 
the  material  excavated,  and  its  liability  to  give  way  under  the 
pressure.  A  second  set  of  bents  was  then  erected  and  the  first 
removed  and  excavation  continued  until  it  became  necessary 
to  erect  a  third  and  remove  the  second.  When  material  suffi- 
ciently firm  for  a  foundation  was  reached,  the  space  was  filled 
with  concrete  to  the  elevation  of  the  top  of  foundation,  and 
after  it  had  attained  its  initial  set,  a  bent  was  placed  on  it  to 
support  the  tracks,  figure  4,  and  the  intermediate  bents  were 
removed  and  excavation  and  concrete  finished. 

The  concrete  having  been  put  in  to  the  base  of  neat  work 
the  stone  work  was  begun.  Any  timbers  in  the  bents  that 
were  more  than  two  feet  from  the  face  of  the  wall  were  built 
in,  those  nearer  the  face  being  cut  off  as  the  masonary  was 
completed. 

FACE  WALLS. 

In  order  to  make  room  for  the  desired  number  of  tracks 
east  of  the  station  it  was  necessary  to  excavate  very  close  to 
the  boulevard  wall,  which  is  built  at  this  point  on  a  foundation 
of  hard  slate  about  10  feet  in  thickness  and  60  feet  above  the 
elevation  of  the  railroad  tracks.  Under  this  slate  are  strata 
of  soft  shale  and  a  low  grade  of  fire  clay.  This  material  is 
hard  enough  to  stand  almost  vertical  when  first  excavated,  but 
weathers  very  badly,  and  if  unprotected  would  very  soon  have 
fallen  away  enough  to  destroy  the  Grant  boulevard,    besides 
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keeping  the  tracks  near  it  continually  covered.  To  prevent 
this,  a  face  wall,  much  lighter  than  a  retaining  wall,  was  built 
for  a  distance  of  about  1200  feet,  and  as  high  as  the  bottom  of 
stratum  of  hard  slate  before  mentioned.  This  wall  is  not  more 
than  12  feet  thick  at  the  bottom  at  any  point,  and  no  soft 
material  was  allowed  to  remain  back  of  it.  Wherever  any 
pockets  appeared,  as  is  alway  the  case  in  rock  excavation,  they 
were  filled  in  with  solid  masonry.  Weep  holes  were  left  where 
any  water  seams  appeared  in  the  face  of  the  hill.  Fortunately 
these  were  necessary  in  very  few  places,  as  the  principal  water 
course  seemed  to  be  through  the  stratum  of  heavy  slate  and 
jnst  above  the  top  of  the  face  wall.  To  properly  shed  this  the 
coping  was  given  a  pitch  of  about  25^  and  a  coating  of  cement, 
with  a  small  quantity  of  sand,  put  on  it,  and  carried  well  back 
against  the  face  of  the  rock.  This  has  proven  very  satisfac- 
tory, and  very  little  water  comes  through  the  wall,  although  a 
great  deal  runs  down  over  it.  It  was  the  large  amount  of 
water  coming  through  this  layer  of  slate  that  determined  us  to 
keep  the  top  of  the  wall  below  it  instead  of  carying  it  to  the 
bottom  of  the  boulevard  wall. 

TUNNELS. 

The  tunnels  constructed  are  five  in  number  ;  two  running 
between  the  power  house  and  the  station  proper,  are  stone 
arches  of  8  feet  span  each  and  about  70  feet  long  and  used  to 
carry  pipes  and  wires  for  the  heat,  light,  power  and  water  be- 
tween the  two  buildings.  Of  the  other  three  tunnels,  two  run 
longitudinally  under  the  platform  from  the  basement  of  the 
station  to  the  cross  tunnel  720  east,  which  is  in  reality  a  blind 
street  28  feet  wide  leading  off  Liberty  street.  These  three  tun- 
nels form  an  underground  system  for  the  handling  of  baggage, 
express,  and  mail  matters,  thus  preventing  a  great  deal  of 
trucking  on  the  platforms,  and  saving  the  passengers  much  an- 
noyance, and  the  employes  much  time.  The  impedimenta 
handled  through  these  tunnels  is  brought  to  the  surface  by 
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three  direct  acting  hydraulic  elevators  placed  on  the  east  side 
of  the  28  foot  cross  tunnel,  and  so  arranged  that  it  is  never 
necessary  to  cross  more  than  one  pair  of  tracks  after  coming 
to  the  surface  to  reach  any  platform  in  the  yard.  The  longi- 
tudinal tunnels  are  10  feet  wide  each,  and  are  simply  two 
stone  retaining  walls  with  a  roof  formed  of  9'  I  beams  and 
brick  arches.  Each  of  these  roofs  forms  the  base  of  a  gran- 
olithic platform,  it  first  having  been  covered  with  1'  of  as- 
phalt mastic  to  keep  out  the  water.  The  sides  of  the  28  foot 
tunnel  are  two  bridge  abutments  each  220  feet  long  and  having 
their  foundations  about  thirty  feet  below  the  elevation  of  the 
tracks.  The  roof  of  this  tunnel  is  formed  by  five  double  track 
half  through  girder  bridges,  one  single  track  girder  bridge, 
and  one  for  two  tracks  of  24  inch  I  beams.  These  girder 
bridges  are  constructed  very  much  like  the  Fort  Wayne  Via- 
duct which  will  be  described  later.  Between  them  run  I  beams 
covered  with  buckle  plate,  the  whole  thing  making  a  contin- 
uous iron  roof,  and  being  covered  with  concrete  and  asphalt 
to  prevent  leaking. 

The  method  used  in  constructing  the  walls  was  similar  to 
that  employed  in  the  construction  of  the  Liberty  street  retain- 
ing wall. 

Leading  off  the  cross  tunnel  there  are  three  rooms  40  x  15 
feet  and  used  as  follows  : 
No.  1,  Ice  house. 
No.  2,  Lamp  and  oil  room. 
No.  3,  Coal  and  Stores  for  car  inspectors. 

The  ice  house  has  a  large  chute  leading  from  the  track 
above;  each  day  a  car  of  ice  is  brought  in,  dropped  down  the 
chute  and  stored  for  the  following  day,  when  it  is  broken  into 
convenient  sizes,  washed  and  taken  to  the  platforms  as  needed 
to  ice  the  cars. 

The  lamp  and  oil  room  has  a  pit  under  its  floor  contain- 
ing three  oil  tanks  of  600  gallons  capacity  each,  arranged  so 
that  thev  can  be  filled  from  a  tank  car  on  the  tracks  above. 
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These  large  tanks  discharge  into  smaller  ones,  from  which,  by 
a  pressure  of  five  pounds  of  air,  the  oil  is  forced  through  pipes 
to  the  spiggots  in  the  oil  room  to  be  used  as  needed.  The 
room  is  fitted  up  with  a  large  number  of  metal  bins  or  cases. 

When  a  train  crew  comes  in  from  a  trip  they  take  their 
flag  boxes  and  lamps  down  to  the  oil  room  and  hand  them  over 
to  the  man  in  charge,  who  first  cleans  them  and  fills  the  lamps, 
then  puts  them  away  in  their  proper  cases  to  remain  until 
wanted  for  the  next  trip. 

The  arrangement  of  the  coal  and  store  room  is  similar  to 
that  of  the  lamp  room  with  the  addition  of  a  coal  bin  with  a 
capacity  of  60  tons  of  coal.  The  bins  or  cases  in  this  room 
are  uf>ed  to  hold  lamp  globes  of  all  kinds,  tumblers,  brasses  and 
all  the  hundred  and  one  things  that  are  used  by  car  inspectors. 
By  means  of  these  rooms  much  of  the  dirt  and  all  of  the  in- 
flamable  material  is  kept  away  from  the  station  proper. 

BRIDGES  AND  VIADUCTS. 

The  bridge  over  11th  Street  and  the  one  over  Liberty 
Avenue  are  so  similar  in  construction,  that  it  is  only  necessary 
to  describe  the  later. 

As  there  is  no  sidewalk  on  the  south  side  of  Liberty  Ave- 
nue at  this  point,  the  clear  width  of  street  between  abutments 
is  only  -^8  ft.  The  tracks,  however,  cross  at  so  great  an  angle 
from  the  perpendicular  that  the  actual  span  is  86.46  ft.,  and 
length  over  all  of  girders  111  ft.  y}  inches. 

Owing  to  the  sharp  curve  in  the  Ft.  Wayne  tracks  at  this 
point,  12^^  and  46",  the  girders  are  32'  9*  centre  to  centre, 
for  two  straight  tracks  the  corresponding  width  would  be 
only  24'. 

This  fact,  of  course,  necessitates  very  heavy  floor  sections 
and  increases  the  strain  on  the  girders,  the  centre  flange  sec- 
tion of  which  is  112.02  inches.  These  two  girders  being  the 
heaviest,  though  not  the  longest,  ever  built.  Their  weight  is 
128,000  pounds  each.     The  floor  beams  are  box  girders  26 J' 


MR.  CLARK'S  PAPER.  273 

deep  by  20|'  wide  and  set  3'  4^''  centre  to  oentre,  the  spaoes 
between  being  filled  by  buckle  plate  8"  below  the  top  of  box 
girders. 

On  account  of  the  great  skew  on  which  this  bridge  is  built 
the  west  end  of  the  north  girder  and  the  east  end  of  the  south 
girder  are  the  anchored  points.  The  southeast  and  northwest 
corners  being  on  rollers. 

The  floor  of  the  bridge  is  filled  to  a  height  of  2'  above 
the  top  of  beams  with  gravel  concrete,  and  covered  with  1'  of 
asphalt  mastic.  The  tracks  being  ballasted  as  on  an  ordinary 
road  bed,  thus  preventing  the  rumbling  so  noticable  on  most 
girder  bridges. 

The  Ft.  Wayne  Viaduct  is  a  solid  iron  floor,  constructed 
of  five  rows  of  girders,  spaced  from  12'  to  15'  centre  to  cen- 
tre, between  which  run  trough  sections  12"  deep  and  10'  to 
13"  wide.  Each  line  of  girders  is  supported  by  latticed  col- 
umns varying  from  22'  to  32'  centre  to  centre. 

There  is  a  great  amount  of  riveting  necessary  in  a  struc- 
ture of  this  sort,  as  each  girder  is  thus  fastened  to  the  columns 
that  support  it,  and  all  trough  sections  are  riveted  through  the 
supporting  girders  and  to  the  corresponding  section  in  the 
next  panel. 

Like  the  bridges  described,  the  floor  is  filled  with  concrete 

r 

and  covered  with  asphalt,  making  a  solid  road  bed  and  a  dry 
room  underneath. 

The  iron  is  designed  to  support  the  weight  of  the  heaviest 
locomotive  in  any  position,  so  that  track  connections  may  be 
changed  in  any  direction  desired. 

The  great  difficulty  encountered  in  constructing  this  via- 
duct was  due  to  the  fact  that  the  old  Ft.  Wayne  tracks  occu- 
pied the  ground  on  which  two  of  the  rows  of  columns  and  the 
southern  half  of  the  Liberty  Street  abuttment,  which  supports 
a  portion  of  the  viaduct,  stands. 

The  three  panels  south  of  these  tracks  having  been  erect- 
ed (see  pihotograph  No.  3)  the  old  Ft.  Wayne  road  between 
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the  east  end  of  the  Station  and  the  north  side  of  Penn  Avenue 
were  abandoned  at  10  o'clock  Sunday  morning,  October  6th, 
and  after  excavation  was  made  to  a  depth  of  5'  to  permit  the 
Daquesne  freight  track  to  pass  under  the  elevated  structure. 
Trestle  bents  of  12"  x  12"  hemlock,  with  legs  placed  4'  centre 
to  centre,  were  put  up  parallel  to  and  just  off  the  lines  of  the 
girders  yet  to  be  erected. 

A  floor  of  8*  X  14"  Y.  P.  stringers  2'  centre  to  centre 
was  put  on  these  trestles  and  the  new  tracks  spiked  into  posi- 
tion.    This  work  was  finished  at  1  o'clock  Monday  morning. 

During  that  period  of  15  hours,  1,600  lineal  feet  of  truck 
and  a  number  of  crossovers  were  torn  up,  800  cu.  yards  of 
material  excavated,  a  good  day's  work  for  a  large  steam  shovel, 
48,000  ft.  of  timber  erected,  and  2,000  ft.  of  track  and  two 
crossovers  laid. 

The  balance  of  the  foundations  and  superstructure  for  the 
viaduct  was  then  built  under  the  trestle  work,  the  timber  be- 
ing taken  out  as  the  iron  work  was  completed. 

TRAIN  SHED. 

The  train  shed,  now  being  erected,  is  a  single  span  steel 
structure  258  ft.  wide,  556  ft.  long,  and  90  ft.  high  at  the 
center. 

The  arches  are  arranged  in  pairs,  9  ft.  centre  to  centre, 
and  40.6'  between  pairs. 

Each  arch  is  in  reality  a  bow  string  truss,  the  bottom 
cord  being  under  the  tracks  and  imbedded  in  bituminous  con- 
crete to  prevent  its  corroding.  The  south  end  of  each  truss  is 
anchored,  while  the  north  end  is  on  rollers  to  allow  for  expan- 
sion and  contraction. 

There  is  the  usual  lantern,  running  the  entire  length  of 
the  shed  at  the  top,  and  also  lateral  lanterns  over  each  pair  of 
arches,  and  midway  between  them. 

There  is  no  glass  in  the  roof  proper,  all  light  being  ad- 
mitted through  the  ends  of  the  shed,  and  the  sides  of  the  Ian- 
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terns.  Being  in  a  vertical  position,  it  is  much  less  likely  to  be 
broken  and  to  fall  oat^  and  in  the  location  of  the  Union  Station 
train  shed,  glass  in  a  horizontal  position  would  require  constant 
cleaning,  or  it  would  admit  no  more  light  than  the  slag  roof. 

Prop.  Phiixips — We  will  now  proceed  with  the  discus- 
sion of  this  paper.     Is  there  any  discussion  on  this  paper  ? 

A  Member — I  would  like  to  ask  Mr.  Clarke  in  regard  to 
putting  a  coat  of  asphalt  on  the  arch,  if  that  is  the  best  method 
of  making  it  water  tight  ? 

Mr.  Clark— -It  was  done  just  to  keep  the  water  from 
coming  through.  We  were  using  the  ground  underneath.  I 
have  never  seen  any  cement  that  would  do  it.  Asphalt  will  do 
it  if  it  is  put  on  properly. 

A  Member — I  would  like  to  ask  Mr.  Clarke  for  his  form- 
ula.    I  did  not  catch  his  figures. 

Mr.  Clark — It  has  been  found  by  practical  use  on  the 
Penna;  R.  R.  to  be  ample.  It  is  a  formula  that  was  not  used 
by  them  until  within  the  last  four  or  five  years.  It  is  two- 
thirds  the  height  minus  three  feet  at  the  base  for  a  height  of  more 
than  18  feet.  Under  eighteen  feet,  it  is  one-third  the  height 
plus  three  feet. 

Mr.  Whited — In  reference  to  that  retaining  wall,  was 
that  formula  only  used  where  the  earth  is  horizontal  ?  When 
it  is  a  surcharged  embankment  do  they  use  the  same  formula  ? 

Mr.  Clark — If  you  have  a  surcharge  of  over  six  feet 
you  would  have  to  increase  that. 

A  Member — Do  you  not  consider  a  load  of  trains  equal 
to  a  surcharge  of  over  six  feet  ? 

Mr.  Clark — No,  I  think  not. 

Chairman — Is  there  any  further  discussion?  If  not,  per- 
haps we  had  better  proceed  to  the  next  paper  of  the  evening, 
''Designing  the  Station,  Architectural  Features,  Foundations, 
Structural  Work,  and  Ornamentation,"  by  Mr.  J.  G.  Giaver, 
Architect  and  Engineer,  with  D.  H.  Burnham  &  Co.,  archi- 
tects, The  Rookery,  Chicago,  111. 
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Mtt.  GiAVER — Mr.  President  and  members  of  the  Society, 
I  see  used  here  two  words,  architect  and  engineer.  That  is 
two  words,  isn't  it?  I  want  to  call  your  attention  to  it. 
There  are  animals  that  can  live  in  the  water  and  on  the  shore 
equally  well.  That  is  the  kind  of  an  animal  that  is  an  engi- 
neer and  an  architect  at  the  same  time.     I  am  an  engineer. 
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CONSTRUCTION,  DESIGN,  ETC.,  OF  THE  NEW  UNION 
STATION  FOR  THE  PENNSYLVANIA  RAILROAD, 
PITTSBURG,  PA. 

BY   MB.    J.   G.   GIAVEB. 

In  presenting  a  paper  on  the  construction  and  design  of 
the  Union  Station  for  the  Pennsylvania  Railroad  it  may  not  be 
amiss  to  review  the  progress  made  in  building  construction 
during  the  last  20  years. 

The  development  in  nearly  every  industrial  branch  has 
been  phenomenal  during  this  period.  The  great  improvement 
made  in  steel  manufacture,  for  instance,  as  well  as  in  other  in- 
dustries which  supply  the  building  trades,  has  opened  the  way 
for  progress.  In  the  art  of  building  construction  so  rapidly 
has  one  improvement  followed  another  that  buildings  consid- 
ered the  height  of  perfection  20  years  ago,  are  regarded  old- 
fashioned  and  obsolete  to-day.  The  same  may  be  said  in  re- 
gard to  the  different  elements  brought  together  in  a  building, 
many  of  those  now  contributing  to  the  success  and  convenience 
of  the  buildings  having  been  unheard  of  two  decades  ago. 

I  will  confine  myself  in  this  review  to  what  is  generally 
termed  <<  business  buildings."  Twenty  years  ago  steel  was 
used  for  building  construction  to  a  very  limited  extent.  Steel 
beams  and  cast  iron  columns  were  used  for  inside  supports  of 
wooden  joist  and  floors,  while  for  outside  walls  self-supporting 
masonry  construction  was  the  common  practice. 

Fireproofing  was  hardly  known  ;  elevator  service  was  slow 
and  uncertain  ;  electric  lights  only  seldom  used  and  steam 
heating  of  this  class  of  buildings  a  luxury  only  afforded  in 
isolated  cases.  To-day  the  modern  building  furnishes  the  most 
excellent  service  in  all  these  lines,  besides  being  supplied  with 
hot  water,  ice  water  for  drinking  purposes,  etc.,  etc. 

With  the  advance  in  property  values  in  the  business  dis- 
tricts of  all  large  cities  came  the  demand  for  buildin^rs  that 
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would  pay  a  higher  revenue,  and  inasmuch  as  the  air  was  free, 
investors  began  to  look  for  higher  buildings,  that  is,  buildings 
over  6  or  8  stories  high.  Hand  in  hand  with  this  gradual  in- 
creasing demand  for  higher  buildings  came  the  increased  use 
of  iron  and  steel  in  building  construction.  With  the  added 
height  the  risk  from  fire  became  greater  and  the  d^nand  for 
fireproof  material  for  protection  of  the  steel  became  very 
urgent.  Brains  and  capital  working  hand  in  hand  soon  were 
able  to  cope  with  the  demand. 

As  Mr.  P.  B.  White,  in  his  paper  read  before  this  Society, 
covered  the  ground  in  regard  to  fireproofing  so  thoroughly, 
further  remai'ks  from  me  on  this  subject  would  be  superfluous. 

With  the  advent  of  reliable  fireproofing  material  there 
was  nothing  to  hinder  the  architects  and  engineers  in  their 
efforts  to  supply  the  demand  for  high  and  safe  buildings,  so 
that  we  observe  the  results  all  around  us,  **  sky-scrapers," 
buildings  over  20  stories  high,  supported  entirely  on  steel 
columns  with  steel  girders  and  beams  carrying  the  walls  and 
floor  ;  all  steel  being  protected  against  the  influence  of  fire  by 
terra  cotta  covering,  brick,  concrete,  etc.  One  of  these  mod- 
ern buildings,  as  a  whole,  is  an  engineering  undertaking  of  no 
small  proportion.  The  success  of  such  a  building  depends  to 
a  great  extent  on  how  the  engineers  engaged  Id  planning  both 
the  structural  and  mechanical  construction  of  these  buildings 
have  solved  their  problem. 

The  structural  engineer  is  depended  upon  for  stability  of 
super-structure  and  foundations  ;  the  mechanical  engineer  for 
economical  and  successful  workin«r  of  the  extensive  mechan- 
ical  plant. 

When  we  stop  to  think  that  this  development  from  the  old 
to  the  new  style  of  buildings  has  taken  a  period  of  less  than 
20  years,  we  may  well  ask  ourselves  what  will  the  next  20 
years  disclose  in  this  line. 

Improvements  have  come  so  rapidly  that  it  has  been  hard 
to  follow  them,  and  I  predict  that  the  next  20  years  will  show 
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great  improvements  over  Ji^hat  we  now  consider  the  height  of 
perfection. 

We  consider  these  modern  buildings  proof  against  fire, 
and  they  are  to  a  certain  extent,  but  so  long  as  we  employ  any 
combustible  material  in  their  construction  the  term  ''fireproof" 
is  only  relative.  Some  day  we  shall  probably  construct  of  en- 
tirely fireproof  material,  not  employing  any  wood.  We  shall 
find  some  protecting  material  for  our  steel  which  is  not  affect- 
ed by  heat  and  and  water,  and  at  the  same  time  light  and  dur- 
able. We  shall  see  improvements  in  our  methods  of  heating, 
lighting,  ventilating,  plumbing,  elevator  service,  etc. ,  etc.  We 
shall  see  a  new  architectural  style  developed ;  a  style  more 
adapted  to  steel  construction  than  those  now  in  vogue,  and  we 
shall  see  improved  methods  of  building  our  foundations,  and 
concrete  will  play  a  much  more  important  part  in  the  future 
than  it  has  in  the  past. 

THE  UNION  DEPOT. 

As  you  are  aware,  the  Pittsburg  Union  Station  combines 
the  features  of  a  modern  ofiSce  building  and  a  depot ;  the  first 
story  and  basement  being  fitted  for  depot  service,  and  the  bal- 
ance from  the  second  story  up  arranged  for  office  purposes. 

The  basement  is  reached  by  a  drive-way  from  the  west 
running  through  the  basement  with  exit  on  a  level  with  Lib- 
erty Street,  on  the  north.  The  building  proper  is  137  feet  x 
225  feet  long,  fourteen  stories  high,  including  basement  and 
attic,  being  210  feet  high  from  the  level  of  Liberty  Street  to 
top  of  cornice. 

On  the  west  end  of  the  building  is  the  covered  cab-stand, 
128 '-6"  square,  on  the  north  and  south  sides  there  are  covered 
walks  18 '-6"  wide  running  the  entire  length  of  the  building. 
These  walks  have  a  roof  of  glass. 

On  the  east  side  towards  the  train  shed  is  a  covered  plat- 
form 60'  x  164'.  In  the  basement  on  both  sides  of  the  drive- 
way mentioned  are  the  baggage,  express  and  store  rooms.    The 
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first  floor  containing  the  general  waiting  room,  lobbies,  dining 
room,  ladies  and  gentlemen^s  waiting  rooms  and  toilet  rooms, 
ticket  office,  special  baggage  rooms,  barber  shop,  etc. 

The  general  waiting  room  has  an  area  of  10,400  square 
feet,  being  about  67  feet  by  166  feet.  This  room  has  a  sky- 
light roof  over  it  at  a  level  of  third  floor,  and  from  this  point 
up  the  space  occupied  *by  the  waiting  room  on  the  first  floor 
becomes  an  open  air  shaft. 

The  foundations  are  made  entirely  of  concrete,  resting  on 
a  gravel  bed,  which  our  test  borings  show  to  be  60  feet  deep, 
and  going  down  to  the  rock.  Over  this  gravel  bed  we  found 
an  8  foot  thick  layer  composed  of  filling  and  rubbish,  and  be- 
tween this  layer  and  the  gravel,  a  bed  of  clay.  The  upper 
layer  contained  debris  from  fire,  a  few  coffins,  remains  of  the 
old  canal,  etc.  Most  of  the  concrete  foundations  are  made 
round,  tapering  oflf  conically  to  the  top.  While  some  are 
square,  all  are  proportioned  to  impose  a  load  of  four  tons  per 
square  foot  on  the  ground  and  sustain  a  load  of  twenty  tons 
per  foot  on  the  conci'ete  at  bottom  of  shoe. 

Specifications  for  concrete  are  one  cement,  two  sand  and 
four  parts  of  broken  stone. 

The  round  form  of  piers  was  adopted  on  account  of  being 
easier  to  shore  and  more  economical  in  construction  than  the 
square  footings.  Vulcanite  cement  was  used  and  the  concrete 
was  of  an  excellent  quality,  as  we  found  out  later  when  we 
had  occasion  to  cut  into  it. 

The  proportions  above  mentioned  for  concrete  may  be 
considered  by  some  engineers  somewhat  rich,  but  considering 
the  manner  of  practical  making  of  concrete,  it  is  a  good  fault 
to  have  a  surplus  amount  of  cement  and  mortar,  in  order  that 
all  voids  in  the  broken  stone  shall  be  entirely  filled. 

Kesting  on  the  concrete  footings  is  a  large  cast  iron  shoe 
under  each  column  distributing  the  load  over  the  top  of  the 
pier.  This  shoe  was  set  on  wedges  and  grouted  from  the  cen- 
ter with  cement  and  sand  mixed  in  proportions  pf  one  to  one. 
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The  superstructure  is  of  open  hearth  steel,  the  columa  be- 
ing made  of  four  8x8  angles  with  web  and  side  plates  con- 
nected together  in  the  outside  and  court  spandrels  by  36' 
deep  plate  girders.  The  floor  beams  and  girders  are  all  15 
inch  beams,  calculated  to  sustain  the  actual  dead  load,  besides 
a  live  load  figured  in  this  case  to  be  70  pounds  for  up- 
per floors  and  and  100  pounds  for  the  first  floor,  per  square 
foot  of  floors. 

The  roof  over  waiting  room  is  supported  by  trusses  from 
column  to  column  and  offered  the  fitting  shop  some  very  inter- 
esting features  in  the  way  of  groins  for  arch  penetration. 
The  groins  are  made  of  tee  irons  and  are  such  a  shape  that 
they  cannot  be  drawn  in  two  projections.  The  most  interest- 
ing and  novel  feature  in  connection  with  this  station  building, 
from  an  engineering  standpoint,  is  the  steel  construction  of 
the  cabstand,  but  as  usual,  this,  as  well  as  the  rest  of  the  con- 
struction, is  hidden  from  view,  and  uninitiated  get  the  im- 
pression that  the  cab-stand  is  a  solid  brick  and  terra  cotta  arch 
and  dome  construction;  while  in  fact  all  of  this  work  is  sup- 
ported on  steel  construction,  as  you  will  see  from  this  photo- 
graph. 

Four  pairs  of  elliptical  shaped  arches,  one  pair  for  each 
of  the  four  sides  of  the  cab  stands,  support  the  large  front 
arches.  The  corner  pavillions  are  what  they  pretend  to  be: 
self- supporting  brick  and  terra  cotta  construction.  The  inside 
arch  of  each  of  these  pairs  supports  the  center  dome  of  the 
cabstand,  the  inside  surface  of  which  on  the  four  diagonal 
corners  form  a  hemisphere.  This  hemisphere  is  cut  off  on  the 
four  sides  by  the  above  mentioned  trusses,  whose  form  corres- 
« ponds  to  the  intersection  of  the  vertical  plan  with  the  dome  on 
line  with  this  truss. 

The  whole  dome  is  made  of  ribs  and  rings,  as  usual  for 
dome  construction,  but  ia  this  case  some  of  these  ribs  terminate 
higher  than  others,  and  connect  to  the  three  hinged  arches. 
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The  terra  cotta  had  to  have  special  supports  at  certain 
intervals  to  suit  the  size  of  the  terra  cotta  blocks.  This 
makes  a  very  complex  net  work  of  tees  and  angles.  It  is  one 
of  the  most  complicated  pieces  of  structural  work  that  I  have 
ever  come  in  contact  with. 

The  arches  are  regular  three  hinged  arch  construction. 
Both  the  dome  and  the  arches  are  simple  enough  in  themselves, 
from  an  engineering  standpoint,  but  when  the  continuity  of 
the  dome  is  broken,  as  is  here  the  case^  a  few  intricate  points 
come  up  for  consideration.  The  girders  along  the  extreme 
east  line  of  the  covered  train-shed  platform  are  interesting,  in 
so  far  as  their  construction  is  such  that  by  accident  any  one 
of  the  columns  supporting  this  line  of  girders  can  be  removed 
from  under  it  without  endangering  the  safety  of  the  roof, 
which  they  support. 

Mr.  Worthington^  in  his  recent  paper  read  before  this 
Society  on  steel  frame  work  for  high  buildings,  has  dealt  in  a 
general  way  with  the  steel  construction  of  high  buildings,  and 
I  certainly  agree  with  him  in  what  he  says  in  regard  to  wind 
bracing;  namely,  that  frame  work  shall  lend  stiffness  and 
stability  to  the  masonry,  instead  of  vice  versa.  I  therefore 
adopted  the  deep  spandrel  girders  in  all  my  work,  adding  stiff- 
ness and  rigidity  to  the  building  without  of  necessity  increas- 
ing the  weight  or  cost  of  the  steel. 

I  always  consider  the  ends  or  sides  of  the  building,  which- 
ever it  may  be,  according  to  the  direction  of  the  wind,  acting 
as  abuttments.  The  wind  load  from  intermediate  columns 
being  transferred  through  the  floor  system,  floor  by  floor  to 
the  sides  and  ends.  Of  course  the  inside  columns  add  some  to 
the  stiffness,  but  I  take  them  very  little  into  consideration,  as 
the  members  connecting  to  inside  columns  are  shallow. 

There  is  no  doubi  that  the  weight  (mass)  of  a  l)uilding  in 
itself  is  an  element  of  stability  ;  otherwise  some  of  these  build- 
ings constructed  without  regard  to  wind  bracing  would  not 
stand  up,  but  the  fact  that  they  do  stand  up  is,  in  my  opinion. 
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no  excuse  for  omitting  proper  precaution  against  the  action  of 
even  unexpected  strains,  especially  as  it  can  be  done  at  a  very 
small  extra  expense.  In  buildings  where  this  is  not  done  there 
is  bound  to  be  considerable  vibration,  which,  in  time,  will  in- 
jure the  building. 

Where  no  special  ordinances  exist  specifying  16ads,  it  is 
my  custom  to  figure  floor  beams  of  office  buildings  for  a  live 
load  of  70  pounds  per  square  foot,  in  addition  to  the  actual 
dead  load;  for  girders  56  pounds,  or  about  80  per  cent.,  and 
for  columns  42  pounds,  or  60  per  cent,  of  the  live  load  for  the 
floor  beams  per  square  foot  of  floor,  in  addition  to  the  actual 
dead  load,  assuming  that  the  entire  floor  contingent  to  any  given 
girder  will  not  be  loaded  to  its  maximum  at  any  given  time, 
the  same  argument  being  used  to  a  higher  degree  in  case  of 
the  columns. 

In  proportioning  column  foundation  I  consider  the  actual 
dead  loads,  and  in  addition  thereto  a  live  load  of  10  pounds  per 
square  foot  of  all  floors,  all  of  which  figures  are  subject  to 
modifications  in  special  cases  and  under  special  conditions. 

The  building  has  seven  hydraulic  passenger  elevators,  four 
on  west  and  three  on  east  end  on  Liberty  Street  side,  and  in 
addition  to  this  a  direct  hydraulic  lift  for  baggage  between  bag- 
gage rooms  in  first  floor  and  basement. 

The  floor  arches  between  beams  are  all  regular  terra  cotta 
construction.  All  corridor  partitions  are  built  of  tile  while 
many  of  the  partitions  between  the  offices  are  of  expanded 
metal  and  planter  two  inches  thick. 

Other  novel  features  in  this  building  are  pneumatic  tube 
systems  connecting  all  the  floors  from  2nd  to  12th  inclusive, 
with  receiving  and  sending  stations  at  each  floor,  and  ice  water 
circulating  system  furnishing  ice  water  for  offices  and  first 
floor  waiting  room. 

From  an  architectural  standpoint,  a  building  like  this 
serving  two  distinct  purposes,  namely,  depot  and  office  build- 
ing, is  a  rather  difficult  problem      It  is  hardly  possible  to  give 
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wainscoting,  ornamented  and  decorated  plaster  ceilings.  All 
doors  and  interior  trim  is  quarter-sawed  oak  throughout.  The 
entire  first  floor  is  finished  in  white  Italian  marble  with  Belgian 
black  marble  forming  geometrical  patterns. 

Chaibman — Gentlemen,  will  you  discuss  this  paper  ? 

A  Membeb  —I  notice  that  Mr.  Giaver  used  four-angles 
for  his  columns  and  single  web.  The  engineer  has  to  choose 
either  this  section  or  a  section  made  up  of  channel  plates, 
Z-bars  or  special  sections,  but  I  never  could  see  why  you 
should  use  anything  but  four-angles  and  webs  as  they  are  used 
in  this  case.  I  don't  see  any  advantage  in  using  any  other 
section.     I  would  like  to  ask  why  he  chose  this  ? 

Mb.  Giayeb — In  choosing  a  section  like  that,  there  are 
several  advantages,  one  thing  you  can  connect  them  on  all 
four  sides  during  the  construction  before  the  building  is  com- 
pleted. If  you  choose  the  box  section  you  can  never  get  at  it. 
You  donH  know  whether  that  column  has  been  filled  with 
water  during  the  erection  of  the  building  unless  you  make 
special  arrangement  to  take  it  out.  I  have  not  found  any 
objecton  to  these  columns  and  I  have  found  objection  to  others. 
I  use  Z-bars  for  low  buildings,  but  when  you  come  to  a  load 
of  two  hundred  thousand  pounds  you  have  to  put  plates  on 
them.  That  is  my  reason  for  using  the  other.  Besides,  the 
bridge  companies  like  them  better.  (Laughter.) 

A  Membeb — The  four-angle  column  is  the  more  plausible 
section.  With  the  four-angle  you  can  start  with  the  smallest 
size  at  the  top  and  use  the  larger  size  as  you  go  down.  Of 
course  the  small  size  Z-bar  is  heavier  than  the  other. 

Mb.  Johnston — I  would  like  to  enforce  what  Mr.  Giav^ 
has  said  about  the  box  column  filling  with  water  during  con- 
struction. I  had  one  case  in  my  experience  which  caused  me 
to  take  a  hasty  ride  of  about  two  hundred  miles,  thinking  the 
foundation  was  settling  and  the  whole  thing  was  going  to  the 
dogs.  When  I  investigated  the  matter  I  found  the  column 
had  filled  with  water,  and  as  it  was  winter  time  the   freezing 
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such  a  bailding  an  architectural  expression  which  will  suggest 
its  dual  character  and  usefulness.  Either  the  depot  or  the 
office  building  must  prevail  in  the  main  design,  and  in  this  case 
the  character  of  office  building  has  been  maintained  for  the 
main  building. 

The  cab-stand,  with  its  large  outer  arches  and  center  dome 
and  the  grand  approach,  have  been  made  the  features  of  this 
structure,  which  at  once  suggests  a  monumental  entrance  to 
the  railroad  station.  After  entering  the  lobbies  and  main  wait- 
ing room  on  first  floor,  all  impressions  of  the  office  building 
are  forgotten.     It  is  a  station  for  a  big  railroad  corporation. 

The  entire  structure  has  a  modern,  monumental,  archi- 
tectural treatment.  Brick  and  terra  cotta  with  a  granite  base 
forming  the  outside  finish;  the  cab-stand  being  finished  almost 
entirely  in  terra  cotta.  The  interior  walls  of  vestibules  and 
waiting  rooms  on  first  floor  are  finished  in  sand-blasted  glazed 
terra  cotta,  while  the  ceilings  are  decorated  ornamental  plaster- 
ing. Glazed  terra  cotta  suggested  itself  and  was  adopted  for 
the  interior  walls  of  the  main  waiting  room  and  ve.-tibules  on 
account  of  its  cleanliness,  as  well  as  general  effect. 

The  roof  over  the  waiting  room  being  mostly  all  glass, 
gives  abundant  light  from  the  large  light-shaft  above,  which  is 
lined  with  enameled  brick  in  order  to  reflect  as  much  light  as 
poBsible. 

On  the  office  floors  the  offices  are  all  located  towards  the 
outride  of  the  building,  with  corridor  along  the  inside  court 
walls,  this  arrangement  insuring  in  all  cases  a  large  amount  of 
light  and  air  for  all  the  offices.  The  offices,  as  well  as  the 
corridors,  are  well  ventilated  and  heated  according  to  the  latest 
and  most  improved  methods. 

All  corridors  have  marble  floors  and  base.  The  two  stairs 
running  up  through  the  entire  building  are  made  with  iron 
Htringors  and  riHors  and  marble  treads.  All  the  offices  have 
niiiplo  floors,  decorated  walls  and  ceilings,  except  special 
offices  and  committee  room,   which   have  oak  floors  and  oak 
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wainscotiDg,  ornamented  and  decorated  plaster  ceilings.  Ail 
doors  and  interior  trim  is  quarter-sawed  oak  throughout.  The 
entire  first  floor  is  finished  in  white  Italian  marble  with  Belgian 
black  marble  forming  geometrical  patterns. 

Chaibman — Gentlemen,  will  you  discuss  this  paper  ? 

A  Membeb  —I  notice  that  Mr.  Giaver  used  four-angles 
for  his  columns  and  single  web.  .  The  engineer  has  to  choose 
either  this  section  or  a  section  made  up  of  channel  plates, 
Z-bars  or  special  sections,  but  I  never  could  see  why  you 
should  use  anything  but  four-angles  and  webs  as  they  are  used 
in  this  case.  I  don't  see  any  advantage  in  using  any  other 
section.     I  would  like  to  ask  why  he  chose  this  ? 

Mb.  Giayeb — In  choosing  a  section  like  that,  there  are 
several  advantages,  one  thing  you  can  connect  them  on  all 
four  sides  during  the  construction  before  the  building  is  com- 
pleted. If  you  choose  the  box  section  you  can  never  get  at  it. 
You  donH  know  whether  that  column  has  been  filled  with 
water  during  the  erection  of  the  building  unless  you  make 
special  arrangement  to  take  it  out.  I  have  not  found  any 
objecton  to  these  columns  and  I  have  found  objection  to  others. 
I  use  Z-bars  for  low  buildings,  but  when  you  come  to  a  load 
of  two  hundred  thousand  pounds  you  have  to  put  plates  on 
them.  That  is  my  reason  for  using  the  other.  Besides,  the 
bridge  companies  like  them  better.  (Laughter.) 

A  Membeb — The  four-angle  column  is  the  more  plausible 
section.  With  the  four-angle  you  can  start  with  the  smallest 
size  at  the  top  and  use  the  larger  size  as  you  go  down.  Of 
course  the  small  size  Z-bar  is  heavier  than  the  other. 

Mb.  Johnston — I  would  like  to  enforce  what  Mr.  Giav^ 
has  said  about  the  box  column  filling  with  water  during  con- 
struction. I  had  one  case  in  my  experience  which  caused  me 
to  take  a  hasty  ride  of  about  two  hundred  miles,  thinking  the 
foundation  was  settling  and  the  whole  thing  was  going  to  the 
dogs.  When  I  investigated  the  matter  I  found  the  column 
had  filled  with  water,  and  as  it  was  winter  time  the   freezing 
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and  swelling  burst  the  wall,  which  caused  the  excitement  and 
disturbances.  We  drilled  a  hole  in  and  let  out  more  than  a 
barrel  of  water. 

Mr.  Kidinger — Mr.  President,  Mr.  Giaver  spoke  of  fire 
proofing.  I  would  like  to  know  his  views  on  re-enforced  con- 
crete for  fire-proofing. 

Mr.  Giaver ~I  want  to  say  that  I  am  not  an  expert  con- 
crete man.  There  may  be  some  other  in  this  assembly.  I 
have  looked  into  the  matter  and  think  re-enforced  concrete  for 
certain  classes  of  work  has  come  to  stay.  It  is  simply  a 
matter  of  getting  it  cheap  enough.  In  regard  to  floor  arches, 
if  anybody  could  find  a  fire  proofing  system  to  suit  arched 
floors  which  is  strong  and  light  at  the  same  time,  there  is  a 
great  field  for  it.  I  find  that  when  you  come  to  supplant  th^ 
old  arch  system  it  is  very  hard  to  find  a  material  with  which 
you  can  do  it  cheaply.  I  am  up  against  the  architects  right 
along  you  know.  They  ask  me  how  much  steel  it  will  take  to 
construct  this  building,  and  they  want  you  to  cut  that  in  two; 
now  that  is  the  incentive,  I  have  to  try  something  that  is 
better  or  lighter.  I  have  just  finished  the  design  of  the  First 
National  Bank  building.  If  I  could  save  ten  pounds  to  the 
foot  on  the  floor  load  the  saving  would  be  0000000000  in  that 
building.  In  fire-proofing  flat  ceilings  that  means  that  we 
have  to  have  two  plates  and  a  level  space  between,  and  you 
can't  get  below  forty  to  save  your  neck.  That  is  the  weight  of 
the  sixteen  inch  arch.  We  have  a  surplus  amount  of  strength  in 
this  arch,  and  if  we  can  find  something  to  make  it  strong  and 
weigh  less,  we  are  on  the  right  road.  There  may  be  some 
material  that  will  do  it. 

Mr.  Kennedy — I  would  like  to  ask  if  there  is  any  one 
here  who  knows  why  the  general  size  of  the  Union  station  was 
made  suitable  for  a  small  town  like  Cleveland  or  Buffalo 
instead  of  a  city  like  Pittsburgh,  which  grew  away  from  it 
while  it  was  being  built?  There  may  have  been  some  geo- 
^*aphical  limitation,  or  it  may  be  due  to  the  cab  stand  (laughter). 
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Mb.  Giaveb — In  Mr.  Clarks'  talk  you  see  that  the 
tracks  on  the  south  side  and  the  north  side  have  limited  the 
width  of  the  station.  We  had  to  have  the  cab  stand  ;  that  is 
the  only  thing  that  makes  the  station,  don't  you  know  that  ? 

Mr.  Clakk — I  give  the  size  of  the  north,  south  and  east 
but  didn't  say  it  was  limited  on  the  west. 

Mr.  Whited — Mr.  President,  1  might  possibly  suggest 
one  reason  for  that.  If  anybody  ever  went  to  travel  on  the 
train  with  an  old  lady  and  it  was  only  a  half  a  mile  from  the 
ticket  ofSce  to  the  train  he  would  wish  the  cab  stand  was  at 
the  other  end  of  the  station  instead  of  in  the  front. 

Chairman — The  next  is  a  paper  entitled  ''The  Power 
Plant,  the  Power  House,  Boilers,  Engines,  Generators,  Switch 
Boards,  Air  Compressors,  Refrigerating  Plant,  Elevators," 
Etc.,  by  Mr.  D.  B.  Kinch,  Electrician,  Union  Station,  P.  R.  R., 
Pittsburg,  Penna. 

Mr.  Kinch — It  was  my  original  intention  to  cover  the 
mechanical  equipment  of  the  station,  but  I  have  eliminated  the 
station  and  give  the  power  plant  only.  At  some  future  time 
1  would  be  glad  to  go  into  detail  of  the  station  but  I  don't 
want  to  consume  any  more  time  than  is  necessary  as  there  are 
so  many  papers  this  evening. 
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TIIK  Pr^WEB  PLANT  OF  THE  >EW  UXIOX  >TATION. 

Tb<;  p^^wer  plant  rif  the  Neir  Union  Sutioo  b  a  nKulem- 
i7jhfl  plant  in  ererr  paiticolar,  both  a&  to  the  constnictiTe  and 
econr/mic  details.  Encompassed  in  the  buil.iing  directlj  s«.»ath 
r/f  the  Station,  a  muItipHcitT  of  machinerr  occapie$  erery 
available  inch  of  space,  somewhat  more  crowded  than  it  should 
be  in  an  ideal  plant.  The  space  occupied  by  the  building,  55' 
X  ^'Z()\  f'/mtsHnsi  a  varied  machinery,  little  thought  of  by 
the  th^>ii>»ands  of  people  daily  passing  within  a  few  feet.  The 
centralizing,  in  an  is^ilated  building,  of  all  of  the  generating 
machinery  for  a  terminal  station  and  yards,  is  an  ideal  con- 
dition that  cannot  always  be  adhered  to,  as  is  the  result  in  this 
inittan<;e«  Here,  this  is  due  to  the  exceptional  location  selected 
for  the  plant  As  the  Union  Stat'on  is  a  consumer  of  perhaps 
Iff  %  of  the  output  of  the  plant,  the  location  is  certainly  ideal. 
Vvoiu  an  o[)erating  viewpoint,  it  could  not  be  better;  but,  not- 
withHtii'nding  this  simplifying  condition,  the  engineering  de- 
iailM  that  were  r^onstantly  arising  required  careful  plotting  and 
planning  and  re« plotting  and  re-planning,  little  of  which  is 
^hown  by  the  completed  plant. 

Th(5  power  plant  of  a  large  terminal  is  wholly  and  in 
roaliiy  the  living  portion  of  it,  and  to  keep  it  breathing  regu- 
larly \H  of  no  small  concern  day  and  night.  A  total  shut-down 
iM  tli<5  tnoHt  dreaded  thing  that  can  happen  to  those  in  charge, 
and  Ik  ttu5  one  thing  guarded  against  so  closely.  The  slightest 
fip|H^rirfin(t<)  of  a  rupture  by  signs  we  all  know  so  well,  are  bat- 
ili«d  forthwith,  and  immediately.  For,  to  the  terminal  and  its 
y\i\'i\n^  it  in  tho  living  thing,  and  is  in  itself  the  one  great  po- 
iotilliility.  Till)  movement  of  the  trains,  numbering  hundreds 
daily,  dopondn  wholly  upon  the  air  compressors  for  their  oper- 
atln^  p(»wor,  and  ^onoratod  here  is  the  current  for  the  storage 
baUiMy  controlling  thcmo  movements. 
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The  heating  and  ventilation  of  the  Station,  the  elevators 
for  both  the  offices  and  baggage  service,  the  lighting  of  the 
building  and  yards,  the  filtering  and  refrigerating  of  the  drink- 
ing water,  the  building  service  water,  and  pressure  for  fire 
mains,  the  entire  telegraphic  service,  etc.,  etc.,  are  all  a  vital 
part  of  the  whole;  and  the  failure  of  one  portion,  for  even  a 
limited  time,  means  a  serious  handicap  and  confusion. 

-  Duplicated  as  to  the  most  vital  points,  unusual  provisions 
and  precautions  were  provided  in  this  installation.  No  false 
economies  were  made  or  asked  to  be  efl^ected  at  the  sacrifice  of 
the  best  practice.  Knowing  we  have  a  very  complete  plant 
for  its  various  uses,  we  also  know  that  as  to  some  constructive 
details,  we  will  be  open  to  the  usual  criticism  that  new  plants 
always  are  subjected  to,  looked  at  from  the  various  viewpoints 
of  each  engineer  for  himself.  However,  for  these  criticisms 
we  can  only  offer  one  answer,  and  that  is  that  the  best  prac- 
tices with  the  local  conditions  governed;  and  that  these  local 
conditions  were  wholly  the  deciding  elements,  and  were  always 
worked  up  to,  probably  in  some  instances  at  a  sacrifice  to  the 
ideal. 

The  engine  and  generator  equipment  comprises  four  marine 
type  Westinghouse  compound  engines.  These  engines  are  of 
the  standard  marine  type  design.  The  high  pressure  cylinder 
being  17  inches  in  diameter,  the  low  pressure  cylinder  27 
inches,  with  a  24  inch  stroke.  They  are  equipped  with  a 
Right's  governor  and  have  a  speed  of  200  R.  P.  M.  The  high 
pressure  cylinder  is  equipped  with  a  piston  valve,  double  port- 
ed, and  the  low  pressure  with  a  slide  valve,  double  ported.  The 
engines  are  direct  connected,  to  350  K,  W.,  220  volts,  two 
phase,  alternating  current  dynamos,  of  the  Westinghouse 
standard  type.  One  engine  driven  and  one  motor  driven  di- 
rect current  dynamos  each  of  37J  K.  W.  capacity,  serve  as 
exciters.  These  exciters  also  furnish  direct  current  for  a  num- 
ber of  small  motors,  used  at  various  points  throughout  the 
building  on  special  apparatus   for  which  alternating  current 


292      engineers'  society  of  western  Pennsylvania. 

motors  are  not,  as  yet,  provided  by  the  manufacturers  in  con- 
nection with  their  apparatus. 

Current  for  the  storage  battery  used  in  connection  with 
the  switch  and  signal  installation  is  also  provided  from  the  ex- 
citers. These  direct  current  machines  also  furnish  the  primary 
current  for  14  Crocker-Wheeler  dynamotors,  used  exclusively 
for  the  telegraphic  service.  The  output  of  these  numerous 
little  machines  varies  from  8  volts  on  "locals"  to  360  volts 
for  duplex  and  quadruplex  service.  Battery  current  for  tele- 
graphic  purposes  is  entirely  supplanted  by  the  installation  of 
these  small  sets. 

The  switch -board  panels  are  of  blue  Vermont  marble,  and 
the  board  is  composed  of  13  lower  and  9  upper  panels,  each 
equipped  with  main  and  auxiliary  bus  bars.  Stairways  at 
either  end  of  the  board,  give  free  access  to  the  gallery  around 
the  upper  panels. 

The  lower  panels  are  used  for  the  generating  and  high 
tension  work  and  the  upper  panels  for  the  distribution. 

It  is  our  intention  to  run  the  alternators  in  parallel,  and  to 
this  end  the  syncronyzing  apparatus  is  one  of  the  board  features. 

Step-up  transformers  at  a  ratio  of  10  to  1  are  installed  to 
furnish  lighting  and  power  circuits  to  outlying  districts. 

Ample  circuits  for  series  A.  C.  arc  lamps  are  provided, 
and  for  this  work  a  combination  jack  and  plug  board  is  used. 
All  transformers,  as  well  as  rheostats,  are  placed  in  the  base- 
ment directly  underneath  the  switch  board,  thus  clearing  the 
back  of  switch  board  to  an  unusual  degree.  The  electrical 
equipment  occupies  the  entire  south  side  of  the  engine  room, 
whilst  along  the  north  side  are  located  the  air  compressors, 
hydraulic  pumps,  high  pressure  pumps,  small  air  compressor 
for  thermostatic  heat  control  in  the  office  building,  a  Scotch 
yoke  air  compressor,  etc. 

The  main  pumping  engine  for  hydraulic  elevators  is  of  the 
Riedler  type,  being  fitted  with  mechanically  operated  valves. 
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It  has  duplex  single  acting  outside  packed  plungers,  9^ 
in.  in  diameter  and  24  in.  stroke,  steam  cylinders  13  in.  and 
23  in.  in  diameter  with  24  in.  stroke.  This  pump,  having  a 
capacity  of  1,400  U.  S.  gallons  per  minute,  against  a  pressure 
of  200  lbs.  to  the  square  inch,  when  running  at  about  96  R. 
P.  M.  with  a  steam  pressure  at  throttle  of  150  lbs.  The  main 
feature  in  the  design  of  this  pump  was  to  cut  down  the  floor 
space  to  the  smallest  possible  area.  For  this  reason  the  valve 
gear  was  put  on  the  outside  of  the  steam  cylinders,  in  order 
to  get  the  cylinders  close  together  and  do  away  with  the  neces- 
sity of  a  passage  between  the  gears,  which  would  have  materi- 
ally widened  the  engine.  The  engine  frames  were  made  of  the 
double  bearing  type,  with  four  part  adjustable  boxes  for  all 
bearing.  The  entire  water  and  steam  end  of  pump  is  mounted 
on  a  substantial  bed  plate  of  box  section,  insuring  alignment 
and  in  order  to  further  economize  the  floor  space,  the  pump 
end  was  made  of  the  single  acting  type,  as  this  would  cut  down 
the  space  required  about  one-half  of  that  necessary  for  the 
double  acting  pump. 

The  distinctive  feature  of  this  pumping  engine  is  the 
mechanically  operated  valves.  As  the  pump  is  single  acting, 
it  was  necessary  to  provide  a  by-pass  so  as  to  enable  the  pump 
to  run  without  delivering  water  when  the  pressure  had  passed 
a  certain  point.  The  by-pass  valve  is  operated  by  means  of 
an  air  cylinder,  which  also  operates  an  auxiliary  throttle  ;  the 
steam  for  running  the  pump  being  taken  through  a  small  by- 
pass on  the  side  of  this  throttle,  this  by-pass  having  a  valve  in 
it,  so  that  the  amount  of  steam  fed  to  the  pump  can  be  adjust- 
ed that  the  pump  will  not  run  more  than  30  K.  P.  M.  when 
running  on  the  by-pass. 

The  air  cylinder  for  operating  water  by-pass  valve  and 
throttle  is  controlled  by  means  of  a  pilot  valve  operated  by  an 
auxiliary  governor,  this  governor  only  coming  into  effect  when 
the  speed  of  the  engine  has  dropped  to  between  20  and  25  B. 
P.  M.     All  of  the  working  parts  of  governor  are  central,  so 
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that  f rictioD  is  entirely  elimated;  as  aaxiliary  pamps  for  eleva- 
tor service  we  have  installed  two  simple  direct  acting  Worth- 
ington  pumps  of  750  gallons  each.  These  are  also  used  for 
the  night  run.  The  elevator  equipment  comprises  seven  high 
speed  elevators,  to  travel  from  train  floor  to  top  floor,  a  dis- 
tance of  190  ft.,  and  eight  direct  lift  elevators,  used  for  bag- 
gage and  express  service. 

For  the  furnishing  of  air  to  the  signals  and  switches  an 
well  as  for  car  testing  and  car  cleaning  purposes  two  cross 
compound  vertical  Reidier  express  type  compressors  are  used. 
Sizes  of  air  cylinders  are  iV  x  2V  in  diameter  with  24"  stroke 
driven  by  a  vertical  cross  compound,  non-condensing*  Corliss 
steam  engine  with  cylinders  IS''  x  23''in  diameter  and  24'stroke. 
Each  compressor  having  a  capacity  of  1500  cubic  feet  of 
free  air,  not  piston  displacement,  to  a  maximum  pressure  of 
100  lbs.,  when  running  at  a  speed  of  134  R.  P.  M.  The  air 
cylinders  are  mounted  above  the  steam  cylinders.  Both  air 
cylinders-  and  heads  are  water  jacketed.  The  air  suction  and 
delivery  valves  are  placed  in  the  heads;  the  suction  valves  be- 
ing of  the  semi-rotative  type  operated  by  means  of  a  wrist 
plate,  driven  from  an  eccentric  in  the  same  manner  as  the  steam 
gear.  An  inter-cooler  and  an  after  cooler  are  provided.  The 
inter-cooler  having  a  volume  of  about  six  times  the  volume  of 
the  low  pressure  cylinder,  the  air  being  cooled  by  means  of 
water  passing  through  the  tubes.  After  the  air  has  been  de- 
livered from  the  high  pressure  cylinder  it  is  passed  through  the 
after  cooler  so  as  so  remove  as  far  as  possible  all  moisture.  The 
is  then  delivered  to  storage  tanks  located  in  what  is  known  as  air 
the  air  intake  building.  This  is  a  separate  building  of  smalt 
dimensions  directly  west  of  the  engine  room,  and  is  equipped 
with  storage  tanks  for  air  delivery  to  various  points  and  also 
with  appliances  for  thoroughly  cleansing  the  air  before  it  is  de- 
livered to  the  suction  pipe.  A  15  ton  electric  crane  travels  the 
entire  length  of  the  engine  room,  thus  assuring  valuable  aid  in 
case  of  need. 
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The  boiler  room  is  equipped  with  Babcock  Wilcox 
boilers.  These  boilers  are  of  standard  type  and  are  all  of 
forged  steel  construction,  built  to  carry  a  working  pressure 
of  200  lbs.  The  boilers  as  installed  comprise  six  boilers 
in  three  batteries,  each  unit  300  H.  P.  an  aggregate  of  1800  H. 
P.,  space  being  left  for  an  additional  battery  for  future  in- 
crease. The  boilers  are  equipped  complete  with  Roney  stokers 
and  installed  in  the  boiler  room  is  a  Hunt  coal  and  ashes 
conveyor.  Hoppers  of  50,000  lbs.  coal  capacity  are  located 
over  each  battery  of  boilers  and  cams  are  arranged  at  conveni- 
ent points  along  hoppers  for  dumping  the  buckets.  The  con- 
veyor movement  is  made  by  a  steam  engine  located  in  what 
is  known  as  the  annex.  The  conveyor  extends  along  the  top  of 
coal  hoppers  and  passing  down  the  side  of  west  battery  runs  the 
along  basement  floor  and  at  this  point  receives  the  ashes  from 
the  ash  hoppers  under  each  boiler,  and  the  buckets  of  the  convey- 
or receive  these  ashes  through  an  automatic  filler  located 
directly  under  hoppers.  The  ashes  are  stored  in  a  large  hopper 
located  in  the  second  story  of  the  annex  from  which  chutes  are 
arranged,  and  the  ashes  are  dumped  into  cars  which  but  a  few 
moments  before  contained  the  coal . 

A  coal  crusher  is  installed  at  the  lower  end  of  the  coal 
hopper  and  only  used  when  lump  coal  is  delivered. 

Two  Cochrane  feed  water  heaters  each  of  1500  H.  P. 
capacity  are  employed  in  boiler  room,  and  feed  water  is  deliver- 
ed to  the  boilers  at  a  temperature  of  200  degrees  Fahrenheit. 
All  feed  water  piping  to  the  boilers  is  of  brass  and  in  duplicate. 

The  chimney  is  located  in  the  middle  of  the  boiler  room 
and  south  of  the  center  line.  The  smoke  flues  enter  chimney 
on  basement  level.  Suitable  dampers  under  automatic  contro- 
are  installed.  The  chimney  is  of  the  well  known  Custodius  per- 
forated radial  brick,  and  the  actual  height  without  base  240  feet 
with  a  base  of  13  ft.  6  in.  high.  The  diameter  of  chimney  is 
9  feet.  An  18 '^  exhaust  pipe  extends  the  whole  length  of  the 
chimney  and  extends  above  at  top  about  6 ' .     This  pipe  will 
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take  care  of  all  the  steam  exhausted  during  the  warmer  months. 
During  the  colder  months  the  exhausted  steam  will  be  employ- 
ed in  heating  the  office  building.  The  total  weight  of  chimney, 
including  the  exhaust  pipe,  is  about  2, 600, 000  lbs. 

Special  attention  was  devoted  to  the  steam  piping  system, 
the  view  point  always  being  that  only  partial  shut  down  would 
result  in  the  case  of  ordinary  repairs  or  accidents.  The  piping 
is'all  extra  heavy,  with  screwed  flanged  fittings.  Two  headers 
extend  along  the  entire  length  of  boiler  room,  along  the  rear 
of  the  boilers  and  about  8 '  above  them.  Into  each  one  of  these 
headers,  is  a  main  from  each  boiler.  This  practically  dupli- 
cates the  piping  in  the  boiler  room.  At  the  paitition  wall  be- 
tween the  boiler  and  engine  rooms  the  mains  drop  to  the  base- 
ment and  loop  around  the  engine  room.  The  main  steam  line 
runs  in  about  a  4'  space  between  the  foundations  of  engines  and 
the  wall  of  building.  At  each  point  where  a  connection  is 
made  for  engines,  valves  are  placed  on  either  side  of  this  con- 
nection in  the  main  line.  Thus  the  connection  to  any  engine 
can  be  cut  off  from  the  main  steam  line  without  interfering 
with  the  supply  to  other  points.  The  exhaust  line  extends 
along  the  center  of  basement  and  connects  to  exhaust  line  in 
stack  and  also  to  a  large  distributing  tank  to  which  the  build- 
ing heating  system  is  connected.  A  back  pressure  valve  is 
located  on  exhaust  line  leading  into  the  stack.  At  the  west  end 
of  the  engine  room  the  exhaust  line  leads  up  to  the  roof,  con- 
nected to  exhaust  heads.  On  this  line,  also,  there  are  back 
pressure  valves. 

The  refrigerating  and  drinking  water  plant  is  located  at 
the  partition  wall  between  the  engine  and  boiler  rooms  on  the 
.boiler  room  side,  and  is  of  the  Carbondale  Machine  Co*s.  con- 
struction. The  duty  performed  consists  of  refrigeration  for 
two  refrigerators  for  kitchen  on  top  floor,  containing  approxi- 
mately 1,000  cubic  feet,  also  refrigerating  for  main  res- 
taurant boxes  containing  about  4,000  cubic  feet,  the  connect- 
ing  mains  aggregating  1,200\         The  filtering   and   cooling 
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of  the  drinking  water  supply  is  for  about  125  foun- 
tains, located  in  the  ofSces  and  waiting  rooms.  The  amount 
of  water  cooled  is  about  750  gallons  per  hour,  with  a  range  of 
45  degrees  Fahrenheit,  i.  e.  from  80  degrees  on  the  intake  to 
35  degrees  to  delivery  mains.  The  delivery  mains  connect 
with  sets  of  risers  in  the  basement,  from  which  lead  the  hori- 
zontal supply  lines  to  each  of  the  floors  connecting  to  the  office 
outlets,  by  means  of  an  additional  faucet  at  each  washstand. 
The  risers  and  mains  aggregate  about  11,000  lineal  feet  of 
pipe  in  supply  and  return  mains.  The  temperature  of  the 
water  at  the  drinking  fountains  is  about  41  or  42  degrees. 
The  method  of  circulation  used  ensures  equal  temperatures  at 
all  points,  freedom  from  air  in  pipes  and  a  continuous  supply 
at  all  faucets.  Stop  or  regulating  cocks  are  placed  at  all 
fountain  loops,  to  provide  against  excessive  pressures  due  to 
the  height  of  risers.  The  pressure  at  the  water  circulating 
pump  in  the  basement  of  the  power  plant,  a9''x6J*xl2' 
duplex,  is  about  95  lbs.  The  steam  required  is  about  32  lbs. 
per  ton  refrigerating  effect  per  hour.  The  refrigerating  ma- 
chine is  of  the  Carbondale  company's  standard  Pontifex-Hen- 
dreck  absorption  pattern  of  40  tons  capacity,  and  consists  of 
the  generator,  analyzer,  exchanger,  absorber,  condenser  and 
brine  cooler,  with  duplicate  direct  acting '  single  ammonia 
pumps  and  duplicate  duplex  brine  circulating  pumps.  The 
refrigerant  used  is  fused  calcium  chloride  of  1,250  sp.  gr. 
This  substance  is  circulated  through  coils  in  refrigerators,  and 
very  low  temperatures  are  possible.  The  location  of  refriger- 
ating machinery  in  power  house  being  essential,  and  the  lim- 
ited available  space  necessitated  the  placing  of  this  apparatus 
in  a  space  of  about  8'  x  30^  and  on  three  different  levels.  The 
machine  proper  standing  on  a  platform  of  steel  construction 
300  feet  square,  12'  above  the  power  house  floor.  The  cool- 
ing and  brine  storage  tanks,  with  ammonia  pump,  on  the  main 
floor  directly  underneath,  and  the  water  circulating  pump  and 
filters  below  in  the  basement. 
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For  the  convenience  of  employes,  lockers,  washrooms, 
shower  baths,  etc.,  are  to  be  equipped  and  located  in  the  east 
end  of  the  basement. 

Chairman — Gentlemen,  the  paper  is  open  for  discussion. 

A  Member — 1  would  like  to  ask  Mr.  Kinch  what  kind  of 
water  is  used  ? 

Mr.  Kinch — We  take  it  right  out  of  the  city  mains  and 
filter  with  a. sand  filter. 

A  Member — What  do  you  do  with  the  condensation  water? 

Mr.  Kinch — It  goes  back  into  the  tank  and  from  there  it 
is  pumped  up  into  the  water  heaters. 

Chairman — Mr.  Kinch,  is  your  filtration  under  pressure? 

Mr.  Kinch — Yes,  it  is  under  city  pressure.  That  varies 
considerably,  from  thirty-five  pounds  on  week  days  up  to  sixty 
pounds  on  Sundays. 

Chairman — Prof.  Kintner,  have  you  anything  to  say  ? 

Prof.  Kintner — I  have  nothing  to  offer  at  all.  I  was 
just  admiring  the  paper.  Any  one  of  the  subjects  could  be 
made  the  subject  of  a  paper.  Mr.  Kinch  has  covered  a  great 
deal  of  ground  in  very  concise  statements.  I  liked  the  papers 
very  much. 

Mr.  Knowles — One  thing  which  interested  me  particu- 
larly was  in  regard  to  the  stokers  used.  Was  there  any  reason 
why  that  particular  stoker  was  chosen  ? 

Mr.  Kinch — We  have  no  other  particular  reason  for  using 
this  stoker  than  that  we  have  never  experimented  in  regard  to 
the  stoker  business  very  much.  We  have  al  ways  found  the  stoker 
which  we  have  installed  there  to  be  very  satisfactory.  We  did 
not  have  any  desire  to  do  any  experimenting,  and  we  were  per- 
fectly satisfied  with  the  stoker  because  it  had  given  satisfaction 
at  other  points. 

Chairman — If  there  is  no  other  discussion,  we  have  an- 
other paper  on  our  program  entitled  ''The  Electro-Pneumatic 
Interlocking  Switch  and  Signal  System*'.  Considerations 
which  lead  to  a  decision  in  favor  of  the  system  adopted.     A 
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brief  discussion  of  the  factors  constituting  an  ideal  system. 
Description  of  system.  The  electrical  energy  required  to  oper- 
ate the  controlling  devices,  and  the  pneumatic  energy  required 
to  operate  the  switches  and  signals.  Extent  of  the  system  ; 
comparisons  with  other  existing  plants  of  like  character.  Some 
figures  concerning  the  number  of  lever  and  train  movements 
executed  in  a  given  time,"  by  Mr.  J.  G.  Schreuder,  Assistant 
General  Manager  and  Chief  Engineer  of  The  Union  Switch  & 
Signal  Co.,  Swissvale,  Penna. 
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A  DESCRIPiro^r  OF  THE  WESTISGHCJUSE  ELEC- 
TRO-PNEUMATIC INTERLOCK  SWITCH  AND  SIG- 
NAL  SYSTEM  INSTALLED  IN  THE  YARDS  OF 
THE  PENNSYLVANIA  UNK^N  STATION,  PITTS. 
BURG,  PENNA.,  BY  THE  UNION  SWITCH  AND 
SIGNAL  COMPANY. 

BY    MEL    J.    G,    SCHBEUDEB. 

It  i«  seldom  th^t  a  j^ydtem  of  interlocking  switches  and 
.(^ignals  for  any  given  place  is  determined  in  (][uicker  fashion, 
and  with  as  little  waste  of  time  and  energy^  as  was  that  now 
installed  in  ^he  yards  of  the  Union  Station. 

This  quick  decision,  or  rather  absence  of  discassion,  was 
distinctly  the  resnlt  of  the  long  and  thoroogh  experience 
ha^l  with  this  system,  so  that  the  ^^Electro-Pneamatic  ^'  had 
come  to  be  regarded  as  so  pre-eminently  fitted  for  the  require- 
ments, that  a  consideration  of  any  other  would  have  amounted 
to  little  more  than  an  empty  form.  No  one  would  now  talk 
seriously  of  replacing  the  Westinghoose  Air  Brake  with  any 
other.  Generally  stated,  the  conditions  to  be  met  in  the  man- 
ipulation of  switches,  especially  the  modern  heavy  section  of 
rail  and  rigid  construction,  as  well  as  the  operation  of  signals 
giving  right  of  way  over  them,  call  for  a  motor  which  com- 
biner the  elements  of  great  power,  quick  response,  little  in- 
ertia, durability,  simplicity  and  compactness. 

Power,  be<;ause  of  the  heavy  rail,  rigid  construction  and 
wide  range  of  resistance,  due  to  other  causes,  which  a  switch 
may  offer  to  its  movement. 

Quick  response,  so  that  no  time  may  be  lost,  from  a  state 
of  rent)  to  that  of  full  speed,  when  the  actuating  force  is  ap- 
|)lled. 
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Small  amount  of  inertia,  a  necessary  element  to  secure 
quick  response,  avoidance  of  damage  to  any  of  the  parts, 
should  the  switch  in  its  movement  meet  an  obstruction,  or  in 
coming  to  rest  at  the  end  of  it. 

Durability  and  simplicity,  for  obvious  reasons,  and  com- 
pactness because  the  space  available  is  often  much  restricted. 

A  little  reflection  will  show  that  a  cylinder,  whose  double 
acting  piston  is  operated  by  air  at  from  75  to  100  pounds  pres- 
sure per  square  inch,  is  the  only  motor  fulfilling  these  con- 
ditions. 

The  actuating  or  controlling  force  and  its  means  of  trans- 
mission from  a  central  point,  to  the  switch  or  signal  operated, 
constitutes  another  important  element  in  an  ideal  system. 

This  force  must,  first  of  all,  be  instantaneous  in  action, 
its  transmission  accomplished  without  any  mechanical  move- 
ment, the  transmitting  medium  must  be  small  and  occupy  but 
little  space,  and  the  strength  of  its  confining  walls  of  as  low 
requirements  as  possible. 

An  electric  current  of  low  voltage  and  low  amperage,  it 
is  almost  needless  to  say,  is  the  only  known  method  of  accom- 
plishing these  results. 

It  is,  of  course,  instantaneous  in  action,  and  the  distance 
of  a  switch  or  signal  from  the  central  point  of  operation  is  of 
no  consequence. 

There  is  no  mechanical  movement  of  any  solid  or  fluid 
matter  in  its  transmission,  the  conductor  may  be  small  on  ac- 
count of  the  light  current  required,  and  the  insulation,  due  to 
the  very  low  voltage,  permits  of  the  wires  being  placed  in  any 
convenient  location,  buried  under  the  ground  in  ordinary  wood 
trucking,  or  it  may  be  placed  anywhere  in  locations  safest  from 
mechanical  injury,   and  where  space  is  most  readily  available. 

Last,  but  of  no  less  importance  in  an  ideal  system  is  the 
interlocking  machine,  whereby  not  only  are  all  switches  and 
signals  operated  from  a  central  point,  but  interlocking  between 
them  accomplished.      Such  a  machine  should  occupy  the  least 
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possible  amount  of  space,  and  as  far  as  possible,  call  for  no 
special  structural  features  in  the  building  or  tower  in  which 
it  is  placed ;  it  should  operate  the  maximum  number  of 
switches  and  signals  with  the  minimum  number  of  operat- 
ing levers,  and  the  manipulation  of  such  levers  should  be  sim- 
plified where  possible,  by  giving  some  fixed  relation  in  the 
matter  of  position  between  the  lever  and  the  direction  of  the 
train  movement  governed.  All  of  its  parts  should  be  easy  of 
access,  so  that  inspection  and  care  may  be  readily  and  quickly 
accomplished. 

That  part  of  it  known  as  the  ^*  interlocking  "  or  "  lock- 
ing "  and  from  which,  by  the  way,  all  interlocking  devices  de- 
rive their  generical  name,  should  be  of  such  design  that  no 
limitations  exist  as  to  extensions.  In  some  systems  the  lock- 
ing may  be  made  satisfactory  in  a  small  plant,  but  the  larger 
the  plant  becomes,  the  more  impracticable  the  locking. 

By  interlocking  is  nieant  such  an  arrangement  of  inter- 
ference, either  mechanical  or  electrical,  between  the  levers 
operating  switches  and  signals,  that  a  signal  cannot  be  cleared 
giving  right  of  way  over  a  route  until  all  switches  within  it 
are  in  such  position  that  it  is  proper  for  a  train  to  proceed  over 
it.  The  act  of  clearing  the  signal,  conversely,  locks  all  levers 
having  to  do  with  the  route,  so  that  the  position  of  the  switches 
cannot  be  changed  while  a  signal  is  displayed  giving  right  of 
way  over  them.  As  a  further  result,  it  follows  that  no  train 
movement  could,  at  the  same  time,  be  made  over  any  other 
route  which  conflicts  with  the  one  previously  given.  This 
brings  us  to  the  consideration  of  a  feature  in  which  the  Elec- 
tro-pneumatic  system  is  unrivalled.  It  is  evident  that  if  a 
number  of  routes  are  conflicting,  or  in  other  words,  lead  into 
one  which  is  common  to  all,  the  respective  signals  governing 
such  routes  may  be  operated  by  one  lever,  since  but  one  of 
these  can  be  used  at  one  time. 

All  such  signals  governing  traffic  in  one  direction  may 
therefore  be  operated  by  this  one  lever,  it  being  thrown,  let  us 
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say,  from  the  center  position  to  the  right.  This  same  signal 
lever  by  being  thrown  from  the  center  to  the  left  position^ 
may  operate  signals  for  train  movements  in  the  opposite  direc- 
tion over  all  routes  which  conflict  with  the  above.  We  may 
now  arrive  at  what  is  practically  a  .formula  for  determining  the 
number  of  signal  levers  which  will  be  I'equired  for  any  given 
plant,  i.  e.,  equal  to  the  number  of  non-conflicting  train  move- 
ments which  can  be  made  simultaneously. 

Each  switch  lever  may  operate  as  many  pairs  of  switch 
points  as  are  required,  or  may  have,  at  all  times  like  relative 
positions.  Thus  it  frequently  occurs  in  the  operation  of  double 
slip  switches,  having  movable  point  frogs,  that  one  lever  oper- 
ates eight  pairs  of  points,  together  with  the  related  detector 
bars  and  locks. 

The  position  of  the  switch  operating  levers  are  known  as 
''  normal  "  and  ''  reversed,"  and  those  of  the  signal  levers  as 
''normal"  (the  center  position)  and  ''right  and  left."  The 
former  are  usually  the  top  row  and  the  latter  the  bottom,  al- 
though either  can  be  adapted  to  perform  the  functions  of  the 
other,  should  conditions  make  it  desirable  to  do  so.  Each 
lever  rotates  a  shaft,  which  has  secured  to  it  certain  mechanic- 
al connections  which,  by  interference  or  non-interference  with 
like  mechanical  connections  with  other  levers,  accomplishes  the 
interlocking  feature  explained  above. 

On  extensions  of  these  shafts  ure  secured  suitable  contact 
parts  which  control  the  electric  current  for  operating  the 
switches  and  signals,  and  secured  to  a  still  further  extension 
are  mechanically  interfering  parts  which  are  released  by  the 
action  of  the  armatures  of  electric  magnets.  The  current 
which  actuates  those  for  the  switch  levers — of  which  there  are 
two — one  for  the  normal  and  the  other  for  the  reversed  po- 
sition, are  controlled  by  contacts  operated  by  the  switch,  and 
indicate  whether  the  switch  has  responded  properly  to  the  pre- 
liminary movement  of  the  controlling  lever  in  the  machine. 
If  it  has  not,  the  indication  magnet  does  not  release  the  lever. 
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thus  preveDting  a  completion  of  its  movement,  which  in  turn 
prevents,  by  mechanical  interference  in  the  locking,  the  move- 
ment of  the  signal  lever  giving  right  of  way  over  the  route  in 
which  the  switch  is  located. 

The  current  which  actuates  the  magnet  connected  with  the 
signal  lever  is  controlled  by  contacts  operated  by  the  signal, 
thus  insuring  the  proper  display  of  a  danger  signal  before  a 

route,  after  having  been  set  up  for  a  train  movement,  can  be 
changed. 

The  means  for  controlling  or  operating  switches  and  signals 
are  purely  electrical,  as  well  as  are  the  means,  as  explained 
above,  for  detecting  the  correct  response  to  the  movement  of 
their  respective  operating  levers.  Upon  the  shaft  of  each  switch 
lever  are  arranged  suitable  contact  parts  for  controlling  the 
switch  operating  circuits.  In  like  manner  each  signal  lever,  the 
signal  or  signals  assigned  to  it.  If  more  than  one  signal  is  con- 
trolled by  the  movement  of  the  signal  lever  from  the  center  or 
normal  position  to  the  right,  that  one  which  corresponds  to  the 
correct  position  of  the  switches  constituting  a  route,  is  auto- 
matically selected  by  contacts  on  the  shaft  of  those  switch 
levers  involved  in  the  route. 

The  same  is  true  for  similar  conditions  in  the  movement 
of  the  same  signal  lever  from  the  center  of  the  left  position. 

This  it  will  be  seen  is  a  very  attractive  feature  of  the  sys- 
tem, in  that  a  leverman  has  only  to  operate  those  switch  levers 
involved  in  the  route  desired,  and  lastly  the  signal  lever. 
Should  this  lever,  however  control  a  number  of  signals,  this 
fact  is  of  no  concern  to  the  leverman,  since  as  explained  above, 
only  that  signal  which  corresponds  to  the  route  will  respond. 

All  semaphore  signals  as  used  in  interlocking  work  are 
divided  into  two  general  types.  The  *'High"  signal,  used 
chiefly  for  high  speed  routes,  because  they  are  more  conspi- 
cuous, and  form  a  desirable  contrast  to  the  ^ 'Dwarf"  signal, 
which  is  used  for  inferior  train  movements,  and  possess  the 
advantage,  on  account  of  their  form,  of  being  placed  between 
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tracks,  whereas  the  ^^High"  signal,  in  order  to  have  an  equally 
advantageous  location  with  reference  to  the  track  governed, 
must  be  placed  on  an  overhead  bridge. 

Each  signal  is  equipped  with  a  single  acting  cylinder,  by 
means  of  which  the  compressed  air  moves  it  to  the  clear  posi- 
tion, and  in  so  doing  not  only  overcomes  the  friction  of  its 
moving  part,  but  stores  up  potential  energy  in  the  form  of 
gravity  or  a  compressed  spring,  which  is  available  to  restore 
the  signal  to  the  danger  position  when  air  pressure  is  released. 

This  arrangement,  while  simplifying  construction,  is  a 
feature  of  a  vital  and  generally  accepted  principal  in  all  signal- 
ling appliances,  which,  it  may  be  well  to  say  here,  is  that  the 
display  of  a  signal  which  gives  right  of  way  for  a  train  move- 
ment should  be  the  result  of  the  proper  active  effect  of  the 
energy  ( in  whatever  form  or  forms )  which  is  employed,  so 
that  a  failure  of  any  part  would  not  cause  a  situation  of  danger. 
This  is,  of  course,  a.  sort  of  corollary  to  the  proposition  that 
the  most  reliable  force  available,  is  the  one  which  should  be 
used  to  effect  the  display  of  a  danger  or  **stop"  signal,  which 
without  doubt,  is  gravity. 

In  this  system,  as  previously  explained,  an  electric  lock 
on  each  signal  lever  in  the  machine  insures,  because  of  the 
operation  of  the  lock  by  the  signal  itself,  the  display  of  a  dan- 
ger signal  before  change  of  route  can  be  effected.  As  it 
is  desirable  to  use  a  spring  instead  of  gravity  to  restore  the 
dwarf  signal  to  the  danger  position,  this  device  makes  it  pos- 
sible to  do  so  with  safety. 

The  signal  is  cleared  by  air  being  admitted  to  the  cylin- 
der through  a  pin  valve,  which  is  forced  open  by  the  armature 
of  a  magnet  controlled  by  the  machine.  When  this  magnet  is 
de-energized,  the  armature  is  released,  the  admission  port 
closed,  the  exhaust  port  opened  and  the  signal  brought  to  the 
danger  position  by  spring  or  gravity.  One  conductor  is  run 
from  the  controlling  lever  of  the  machine  to  each  signal  oper- 
ated, known  as  the  signal  controlling  wire,  and  one  conductor 
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from  the  lock  magnet  of  each  signal  lever  is  run,  in  series, 
through  the  circuit  breakers  of  all  signals  controlled  by  that 
lever. 

All  signals,  of  whatever  type,  and  there  a  great  many 
indeed,  will,  in  the  manner  of  displaying  information,  come 
under  the  general  headings  of  color,  form  or  position,  with 
numerous  sub-divisions  of  each. 

Those  used  with  the  system  under  discussion  are  position 
for  daylight  and  color  for  night.  The  former  consists  of  an 
arm  about  five  feet  long  by  an  average  width  of  nine  inches, 
extending  horizontally  from  a  mast  or  pole,  when  in  danger 
position,  and  inclined  at  an  angle  of  about  sixty  degrees  below 
the  horizontal  when  in  the  clear  position. 

The  latter,  that  of  color  for  the  night  signal  is  red  for  the 
danger  and  white  for  the  clear  signal.  An  extension  of  the 
device  which  carries  the  day  signal  is  made  to  carry  colored 
glasss  which  pass  in  front  of  a  source  of  light,  thus  giving  the 
desired  information. 

In  the  operation  of  a  switch,  the  only  features  which  dis- 
tinguish it  from  that  of  a  signal  are  in  the  fact  that  the  switch 
cylinder,  is  double  acting,  thus  requiring  a  duplication  of  parts, 
and  further,  that  instead  of  the  pin  valve  admitting  air  directly 
to  the  cylinder,  it  actuates  a  small  piston,  one  for  each  position 
of  the  switch,  which  in  turn  operates  an  ordinary  D  valve,  con- 
trolling the  air  to  the  main  cylinder.  This  relaying  feature  is 
desirable  on  account  of  the  increased  port  openings  required 
by  the  switch  cylinders. 

The  position  of  the  D  valve  is  further  made  secure  against 
accidental  movement  by  a  lock,  which  is  released  by  the  action 
of  an  electro  magnet  controlled  by  a  contact  operated  by  the 
switch  lever  in  the  machine. 

The  three  conductors  necessary  to  accomplish  the  manipu- 
lation of  switch  mechanisms,  together  with  the  two  necessary 
for  the  operation  of  the  indications  previously  explained,  con- 
stitute the  five  which  are  run  from  each  switch  lever  in  the 
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machine  to  the  switch  or  switches  operated  by  it  on  the  ground. 
In  cases  where  one  lever  operaters  six  or  eight  pairs  of  points 
with  the  locks  and  detector  bars,  it  will  be  seen  that  the  con- 
nection between  the  lever  and  the  mechanism  operated  is  com- 
paratively insignificant. 

The  dimensions  of  the  various  cylinders  employed  are  in 
approximate  proportion  to  the  work  required  of  each,  in  order 
that  all  may  use  a  common  pressure,  which  in  this  case  is  100 
pounds  per  square  inch. 

* 
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The  amount  of  power,  in  the  form  of  compressed  air, 
necessary  to  operate  any  given  plant,  is  necessarily  a  very  un- 
certain quantity.  About  the  only  known  factors  are  the  num- 
ber and  dimensions  of  the  operating  cylinders  and  the  pressure 
required. 

The  unknowns  are  the  number  of  operations  of  each  size 
of  cylinder  in  a  given  time,  the  extent  of  leaks  which  will  be 
allowed  to  exist  in  the  maintenance,  the  probable  changes  or 
extensions  of  the  plant,  leaks  or  other  derangement  within  the 
compressor  which  may  develop  due  to  one  cause  or  another,  and 
the  improbability  of  discovery  and  correction  under  ordinary 
conditions,  unless  they  become  very  pronounced,  and  the  still 
greater  uncertainty  as  to  what  extent  air  may  be  used  for  other 
purposes  about  the  terminal. 

Of  course  the  latter  is  an  outside  consideration,  but  the 
ability  lo  meet  such  demands  largely  increases  the  utility  of 
such  a  plant,  especially  when  the  pressure  carried  makes  it 
suitable  for  other  purposes. 

Had  we  supplied  compressors  for  furnishing  air  for  the 
interlocking  system  only,  the  decision  would  probably  have 
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for  the  system  amounts  to  less  than  eight  ampheres  at  twelve 
volts,  or  less  than  100  watts,  not  as  much  electrical  energy  as 
is  consumed  by  two  ordinary  sixteen  candle  power  incandes- 
cent lamps. 

This  good  and  somewhat  surprising  showing  is  the  result 
of  many  years  of  painstaking  investigation  and  development. 

Current  for  charging  is  taken  from  the  light  circuit, 
through  resistance  lamps. 

In  speaking  of  the  extent  or  size  of  a  terminal  system  or 
interlocking  plant,  the  mere  recital  of  the  number  of  switches 
and  signals  operated  does  not  always  convey  a  satisfying  im- 
pression, unless  accompanied  by  comparative  statements  con- 
cerning similar  plants  elsewhere. 

The  following  tabulated  outline  may  be  of  interest,  es- 
pecially in  connection  with  the  plants  at  Boston  and  St.  Louis, 
each  of  which,  in  its  day,  was  larger  than  any  interlocking 
system  previously  installed. 

In  the  number  of  switches  operated,  it  will  be  seen  that 
in  the  Pittsburg  Yard  there  are  nearly  as  many  as  in  the  Bos- 
ton and  Maine  Terminal,  the  Boston  Southern  Terminal  and 
the  St.  Louis  Terminal  combined.  Only  those  switches  in  the 
Terminal  yard  proper  are  counted  in  any  case,  nor  does  it  in- 
clude those  for  the  suburban  loop  tracks  in  the  basement  of 
the  Boston  Southern  Terminal,  not  yet  in  service. 

The  Pittsburg  plant  does  not  operate  as  many  signals  in 
proportion  to  the  number  of  switches  operated  as  ao  others, 
chiefly  because  the  conditions  do  not  call  for  the  various  cau- 
tionary and  special  signals  ordinarily  used.  The  machine  at 
15  th  street  has  the  distinction  of  operating  more  switches  than 
is  done  from  any  other  one  point  in  the  world. 

In  all  machines,  the  locking  is  arranged  to  permit  of  a 
signal  being  given  for  every  route  made  possible  by  the  track 
arrangement.  That  at  21st  street  is  probably  the  most  com- 
plicated of  any  ever  attempted. 

Most  of  the  signals  govern  traflGlc  over  many   track  ar- 
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rangements,  as  for  instance,  signal  22R,  which  has  52  routes. 

Farther  than  this,  the  elaborate  scheme  of  tracks  permit 
of  many  different  routes  by  which  a  movement  can  be  made 
from  one  given  point  to  another.  Thus  there  is  a  case  in 
which  12  exist  within  half  the  length  of  the  interlocking  at 
21st  street,  any  one  of  which  may  be  made  in  one  continuous 
train  movement. 
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Located  at  advantageous  points,  some  distance  away  from, 
but  controlled  by  each  tower,  are  pneumatic  whistles,  the  air 
to  which  is  controlled  electrically.  The  purpose  of  these 
whistles  is  to  enable  the  towerman,  to  give  timely  warning  to 
trainmen,  who,  on  account  of  in-attention  or  other  cause,  do 
not  heed  the  information  given  by  the  signal,  thus  avoiding 
delays,  if  not  more  serious  results. 

Another  feature  which  may  be  of  interest  as  showing  the 
flexibility  of  this  system  is  the  control  of  the  signal  governing 
west  bound  train  movements  through  the  Panhandle  tunnel. 
This  is  known  as  a  slotted  signal  and  is  controlled  very  simply 
by  the  pneumatic  tower  at  Washington  street,  the  track  circuit 
in  the  tunnel  and  by  the  mechanical  tower  at  Fourth  avenue. 
The  clearing  of  this  signal  requires  an  unoccupied  track 
through  the  tunnel  together  with  the  co-operation  of  each  of  the 
towers  mentioned. 
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Still  another  is  that  of  locking  between  towers,  by  which 
it  is  impossible  to  clear  simultaneously,  by  adjacent  towers, 
the  signals  governing  train  movements  in  opposite  directions 
over  given  tracks  extending  between  them.  This  is  done  elec- 
trically between  certain  signal  levers  in  the  respective  towers, 
which  levers  may,  and  in  many  cases  do,  control  in  addition 
signals  for  movements  other  than  over  the  track  above  men- 
tioned. In  order  to  harmonize  the  working  of  this  system  it 
is  necessary  that  it  should  be  under  the  control  of  one  man. 
This  is  done  by  carrying  the  circuits  involved,  through  an  in- 
strument placed  in  the  tower  at  15th  street,  by  the  .use  of 
which  the  director  is  not  only  kept  informed,  through  annuncia- 
tors, indicators,  etc.,  as  to  the  direction  in  which  traffic  may 
be  moved  over  any  track  at  that  particular  instant,  but  by 
pushing  a  button  he  may  change,  positively,  the  direction  of 
traffic  over  any  track  between  two  adjacent  interlocking  plants. 
The  pushing  of  this  button  not  only  does  this,  but  in  addition 
it  records  that  fact,  and  at  the  same  time  transmits  the  infor- 
mation to  the  adjacent  tower  so  affected. 

A  feature  worthy  of  note  is  that  concerning  information 
between  the  tower  at  15th  street,  and  the  men  on  the  platform 
and  at  the  gates,  concerning  the  starting  of  trains.  A  short 
time  before  a  train  on  a  certain  track  is  scheduled  to  start,  the 
conductor  informs  the  tower  that  all  is  ready  by  pushing  either 
one  of  two  buttons  (the  one  he  happens  to  be  nearest)  along  the 
edge  of  the  platform.  By  so  doing  he  elevates  the  hammer  of 
a  single  stroke  electric  bell,  which  by  closing  its  own  circuit, 
retains  the  hammet  in  the  elevated  position,  and  the  circuit 
thus  established  drops  an  annunciator  and  taps  a  bell  in  the 
tower.  The  train  director,  upon  observing  this  information, 
pushes  a  button,  which  breaks  this  circuit,  restores  his  annun- 
ciator, and  allows  the  suspended  hammer  of  the  bell  on  the 
platform  to  drop,  thus  acknowledging  the  receipt  of  the  mes- 
sage. The  director  in  the  tower  then  pushes  another  button 
which  operates  an  indicator  placed  at  the  gate  where  the  ticket 
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inspector  is  stationed,  telling  him  that  he  (the  gateman)  is  in 
possession  of  the  ability  to  clear  the  train  starting  signal.  At 
the  same  time,  the  act  of  pushing  this  button  in  the  tower  re- 
cords, by  a  drop  annunciator,  the  information  to  the  director 
that  he  has  performed  this  act.  The  time  arrives  for  the  train 
to  go,  the  gateman  closes  the  gate  and  turns  a  knob  located  on 
the  lower  part  of  his  indicator  case.  This  act  clears  the  train 
starting  signal  which,  in  so  doing,  operates  an  indicator  in  the 
tower  informing  the  director  that  the  train  is  about  to  start. 
If  not  previously  done,  he  now  calls  out  the  route  to  the  lever- 
men,  who  proceed  to  arrange  the  switches  and  clear  the  sig- 
nals in  the  manner  indicated  and  the  train  proceeds  through 
the  yard  towards  its  destination. 

At  about  the  time  the  train  leaves,  the  director  pushes  an- 
other button — the  third  and  last  in  the  cycle^which  restores 
.the  starting  signal,  the  gateman^s  indicator  and  his  own  an- 
nunciator and  indicator  to  their  normal  positions. 

Should,  however,  the  train  movement  under  consideration 
be  West  bound  instead  of  East  bound,  it  may  be  executed 
from  one  of  three  tracks,  on  the  Ft.  Wayne  side,  or  from  a 
like  number  on  the  Panhandle  side  of  the  train  shed.  In  such 
a  case  exactly  the  same  sequence  of  operations  is  performed, 
except  that  instead  of  the  director  in  the  15th  street  tower  call- 
ing out  a  route,  one  is  set  up  by  either  of  the  towers  on  the 
Ft.  Wayne  or  Panhandle  side,  as  the  case  may  be,  from  in- 
formation automatically  conveyed  by  an  indicator  operated  by 
the  starting  signal. 

Information  concerning  trains  approaching  the  terminal 
from  each  of  the  four  directions,  i.  e. ,  the  P.  R.  R. ,  Alle- 
gheny Valley,  Ft.  Wayne  and  Panhandle  is  conveyed  to  the 
various  towers  interested  by  train  ddscribers,  the  simplest  pos 
sible  means.  The  sender  pushes  one  of  a  series  of  buttons  on 
which  is  written  the  information  (such  as  the  character  of  the 
train  and  the  track  on  which  it  is  approaching),  which  he  de- 
sires to  send.     This  act  releases  and  sets  in  motion  a  mechan- 
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ism  which  closes  and  opens  a  circuit  a  certaip  number  of  times 
until  arrested,  thereby  actuating  the  electrical  mechanism  of 
the  receiving  instrument  or  instruments  which  are  on  this  line, 
thus  causing  the  finger  to  point  to  a  button  or  disc  on  which 
is  written  the  same  legend  as  that  on  the  sending  button.  East 
Liberty,  for  instance,  pushes  a  button,  which  is  then  automati- 
cally repeated  in  the  towers  at  21st  and  15th  streets. 

As  additional  means  of  communication  there  is  the  usual 
telegraph,  and  an  extensive  telephone  system. 

The  work  of  installation  commenced  Sept.  15th,  1901, 
and  was  completed  March  15th,  1902,  a  period  of  six  months, 
including  but  little  favorable  and  much  unfavorable  weather. 

An  item  of  some  interest  is  that  5^  miles  of  detector  bar 
was  applied,  which  required  the  drilling  of  42,000  holes  through 
the  web  of  the  rail  and  related  parts. 

It  may  be  said  that  the  track  facilities  are  in  excess  of 
the  present  requirements,  but  it  is  surely  a  wise  policy  which 
builds  with  an  eye  to  the  future. 

The  following  data  regarding  traffic  and  lever  movements, 
as  well  as  other  information,  was  secured  through  the  courtesy 
of  Mr.  A.  M.  Keppel,  Assistant  Train  Master,  in  charge  of 
all  passenger  and  freight  service  using  the  terminal,  to  whom 
it  is  desired  to  extend  thanks  for  the  assistance  which  he  has 
thus  rendered. 
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In  addition  Jbo  the  foregoing,  15th  street  tower  has  tele- 
phone connections  with  sixteen  other  points.  The  men  called 
Assistant  Train  Directors  operate  these,  whose  duty  it  is  to 
gather  information  respecting  the  make-up  of  trains,  the  prob- 
able time  of  departure  from  the  various  train  dispatchers 
of  the  several  railroads  entering  Union  Station,  inform  the 
Station  Master,  Baggage  Agent,  U.  S.  Mail  transfer  clerk,  etc., 
as  to  the  location  of  trains  in  the  station,  and  other  informa- 
tion that  would  be  of  use  to  them. 

The  duty  of  those  men  marked  Train  Directors'  clerk,  is 
to  answer  the  Train  Directors  telephone,  and  collect  and  dis- 
tribute information  to  the  towers  at  Washington  street,  Lib- 
erty street  and  21st  street,  and  assist  in  the  manipulation  of  the 
trains  between  these  several  towers. 

The  Train  Directors'  clerk  has  a  direct  telephone  to  each 
of  these  towers  for  this  purpose. 

In  comparing  the  cost  of  operating  the  switches  and  sig- 
nals by  the  Electro-Pneumatic  system,  with  that  of  the  mechan- 
ical system,  as  to  the  number  of  levermen  required,  it  will 
be  noted  that  at  the  15th  street  tower  there  are  seven  men. 
Experience  has  shown  that  the  ratio  is  about  one  in  six  in  favor 
of  the  Electro-Pneumatic,  so  that  this  tower  would  require 
42  men  if  mechanical.  The  21st  street  tower  would  have  36 
instead  of  6  as  at  present.  Washington  street  tower  8  instead 
of  3  and  Liberty  street  tower  5  instead  of  3.  The  later  two 
towers,  on  account  of  their  small  size,  do  not  maintain  the  same 
proportion  that  the  large  ones  do.  However,  as  a  total  for  all 
towers  we  have  19  men  for  the  Electro-Pneumatic  as  against 
91  men  for  mechanical  system,  leaving  a  balance  of  72  men  Id 
favor  of  the  former  system,  whose  salary  would  in  a  short 
time,  amount  to  the  entire  cost  of  the  plant. 

A  still  further  saving  is  effected  in  the  matter  of  mainte- 
nance, but  no  definite  figures  can  be  given. 
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As  the*duties  of  all  other  men  employed  about  the  signal 
towers  are  in  no  way  connected  with  the  handling  of  the  switches 
and  signals,  their  number  is  not  affected  by  the  system  em- 
ployed. 

Chaibman — Gentlemen,  shall  we  discuss  the  paper  or  shall 
we  postpone  the  discussion  until  another  meeting  ? 

Mb.  Johnston — ^I  move  that  we  adjourn. 

Motion«carried,  10:55  p.  m. 

Charles  W.  Bidinqeb,  Sec^y. 


CHEMICAL  SECTION. 

The  regular  meeting  of  the  Chemical  Section  ^as  held  in 
the  rooms  of  the  Society  Thursday  evening,  June  19,  1902, 
the  Chairman,  Dr.  K.  F.  Stahl,  presiding.  The  evening  was 
devoted  to  discussion  of  the  Convention  of  the  American 
Association  for  the  Advancement  of  Science,  with  some  plans 
relating  to  the  part  of  the  Section,  in  contributing  to  the 
success  of  the  Convention. 

Upon  motion  the  section  adjourned  at  9.30  until  Thursday 
evening,  September  18th,  1902. 

Chas.  H.  Rich, 

Secretary. 


.< 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


A  special  meeting  of  the  Engineers'  Society  of  Western 
Pennsylvania  was  held  in  the  Lecture  Room  of  the  Society's 
house,  410  Penn  Ave.,  Pittsburg,  Pa.,  Tuesday  Evening,  April 
2,  1902,  at  8.45  o^clock,  the  President,  Mr.  Charles  F.  Scott, 
being  in  the  chair  and  90  members  and  visitors  present. 

This  meeting,  under  the  auspices  of  the  Reception  Com- 
mittee, was  a  very  pleasant  affair. 

Messrs.  Snyder  and  Smith,  of  the  Bell  Telephone  Co., 
sprung  an  unique  surprise  in  a  couple  of  arc  lamps,  which 
could  sing,  whistle  and  talk  loud  enough  to  be  heard  all  over 
the  room. 

Mr.  Albree  entertainingly  related  his  experience  when 
abroad  last  summer,  as  delegate  of  the  Society  at  the  Interna- 
tional Engineering  Congress,  Glasgow. 

THE  ARCOPHONE,  OR  SPEAKING  ARC  LAMP. 

The  ''arcophone, "  as  its  name  implies,  is  an  arc  lamp 
made  to  speak.  The  arc  lamps  used  in  this  demonstnition  are 
two  Schuster  hot  wire  110  volt  D.  C.  constant  potential  stand- 
ard style,  taking  about  seven  amperes  each. 

The  only  1 10  volt  direct  current  obtainable  for  these  ex- 
periments was  furnished  by  Mr.  Earl  Marvin,  of  the  National 
Biscuit  Co.,  from  a  motor  circuit  in  their  factory  just  back  of 
the  lecture  room.  A  motor  circuit  is  not  exactlv  the  })est 
source  of  current  supply  for  this  experiment.  The  impulses 
due  to  the  brushes  of  the  motors  running  over  the  commutator 
bars  make  the  arcs  slightly  noisy. 


\> 
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The  other  apparatus  used  in  this  experiment  was  loaned 
by  the  Central  District  and  Printing  Telegraph  Co.,  and  con- 
sists of  iron  clad  repeating  coils,  common  battery  transmitters, 
and  Western  Electric  rolled  condensers. 

Figure  No.  1  shows  very  plainly  the  wiring  of  the  circuit. 
It  consists  of  an  arc  circuit  and  a  transmitter  circuit.  The 
transmitter  is  used  to  make  a  pulsating  current  in  accordance 
with  sound  waves  that  strike  its  diaphram.  The  repeating  coil 
transforms  the  pulsating  current  from  the  transmitter  circuit 
to  the  arc  circuit.  The  condensers  serve  to  make  shorter  cir- 
cuits for  the  pulsating  currents.  The  condensers  also  serve  to 
cut  down  the  natural  pulsations  of  the  current  in  the  motor 
circuit,  which  otherwise  would  make  ^  noisy  arc.  The  resist- 
ance lamp  cuts  down  the  current  to  the  proper  amount  for  the 
transmitter  circuit.  The  arc  transforms  the  pulsating  current 
into  sound  waves. 

Several  theories  have  been  advanced  as  to  what  causes 
these  sound  waves  to  issue  from  the  arc.  The  most  logical 
explanation  appears  to  be  the  one  giving  the  cause  as  the  sudden 
expansion  and  contraction  of  the  air  due  to  the  vaiiations  of 
the  temperature  of  the  arc. 

When  a  person  speaks  into  the  transmitter  the  sound  waves 
striking  the  diaphram  cause  the  current  to  pulsate  in  the  trans- 
mitter circuit.  This  pulsating  current  sets  up  similar  pulsa- 
tions in  the  arc  circuit  through  the  repeating  coil.  The  tem- 
perature of  the  arc  varies  as  the  square  of  the  current  passing 
through  it.  As  the  arc  is  composed  principally  of  carbon  vapor 
in  a  high  state  of  molecular  vibration,  it  would  have  a  very  low 
specific  heat.  The  temperature  of  this  vapor  varies  almost  in- 
stantly with  the  current.  When  this  current  is  pulsating  the 
temperature  of  the  arc  is  raised  or  lowered  correspondingly. 
Tlie  volume  of  vapor  is  increased  or  diminished  in  accordance 
with  its  temperature,  Hence  the  volume  of  the  vapor  increas- 
ing and  diminishing  sets  up  sound  waves  in  the  surrounding 
air. 
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Through  the  four  transformations  just  described  we  have 
been  able  to  reproduce  speech,  music,  whistling,  etc.,  of  very 
excellent  strength,  quality,  and  timbre. 

It  would  be  rather  sui-prising  to  most  people  if,  in  the 
very  near  future,  all  the  arc  lamps  in  town  suddenly  began  to 
announce  the  current  events  of  the  times.  With  our  present 
knowledge  such  a  thing  is  possible 

The  speaking  arc  lamp  will  probably  have  a  great  com- 
mercial Value  in  advertising. 

The  success  of  this  evening's  exhibition  has  been  greatly 

due  to  the  excellent  instruments  Loaned  to  us  by  the  Central 

District  and  Printing  Telegraph  Co. 

yours  truly, 

G.  K.  Smith, 
R.  A.  L.  Snyder. 

THE   GLASGOW  ENGINEERING  CONGRESS. 

In  the  si)ring  of  1901,  the  Engineers'  Society  of  West- 
ern Pennsylvania,  received  an  invitation  to  send  a  delegate  to 
the  International  Engineering  Congress,  to  be  held  in  Glasgow, 
September  2nd,  to  6th,  during  the  exhibition. 

The  writer  was  appointed  as  delegate  and  due  notice  sent 
to  the  Secretary  of  the  Congress. 

Arriving  in  Glasgow,  a  few  days  in  advance  of  the  meet- 
ing, gave  an  opportunity  to  see  something  of  the  second  city 
of  the  Empire,  and  ths  metropolis  of  Scotland. 

Situated  on  the  river  Clyde,  some  twenty  miles  from  the 
mouth,  this  city  which  had  but  70,000  population  in  1800, 
now  numbers  over  800,000  souls,  and  is  noted  as  the  greatest 
ship  building  center  in  the  world.  The  Clyde,  formerly  a 
small  tide  water  stream,  by  reason  of  dredging  and  dock  build- 
ing, extending  over  a  century,  and  costing  nearly  £40,000,000 
has  become  navigable  for  the  largest  ocean  steamers,  its  banks 
are  lined  for  miles  with  extensive  ship  yards,  and  its  docks 
contain  vessels  trading  to  all  parts  of  the  world. 
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Glasgow,  however,  depends  for  its  prosperity,  not  only 
on  its  ship  building  and  commerce,  but  is  one  of  the  greatest 
manufacturing  cities  of  Great  Britain,  especially  in  cotton  and 
woolen  stuffs,  iron  and  steel  products  and  the  manufacture  of 
chemicals.  The  abundant  coal  fields  of  the  neighborhood,  to- 
gether  with  a  net  work  of  railways  have  contributed  much  to 
its  prominence. 

The  civic  government  is  held  up  to  all  the  world  as  a  model 
of  how  a  city  should  be  managed.  All  street  cars,  water,  gas 
and  electric  lighting  plants  belong  to  the  corporation,  and  are 
economically  and  well  managed. 

The  city  is  well  built,  well  paved,  lighted,  modern  and 
up-to-date  in  appearance,  smoky  and  grimy;  almost  as  Pitts- 
burgh is,  but  historically  and  picturesquely  not  to  be  compared 
with  its  neighboring  city  Edinburgh. 

The  University  of  Glasgow,  an  old  chartered  institution, 
beautifully  located  on  a  hill  overlooking  the  city,  has  long  been 
celebrated  for  its  courses  in  science  and  engineering,  and  has 
numbered  among  in  its  faculty,  such  famous  men  as  Watt, 
Kankine  and  Kelvin.  The  buildings,  of  stately  appearance,  and 
ample  size,  were  placed  at  the  disposal  of  the  Congress,  and 
proved  excellently  fitted  for  the  purpose,  with  the  large  Bute 
Hall  as  headquarters  and  the  various  lecture  rooms  for  the 
section  meetings. 

The  Congress  was  organized  under  the  auspices  of  the  es- 
tablished engineering  societies  of  Great  Britain,  including  the 
Iron  and  Steel  Institute,  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers  and  others,  and  delegates 
were  present  from  the  Engineering  Societies  of  Europe  and 
America.  Every  detail  was  worked  out  with  great  forethought 
and  care,  resulting  in  wonderfully  smooth  and  efficient  working. 
The  various  branches  of  Engineering  were  assigned  to  s[>ecial 
sections,  and  all  papers  were  printed  in  advance,  thus  permit- 
ing  members  to  prepare  their  discussions  carefully,  adding 
greatly  to  the  interest.     The  subjects  treated  by  sections  were 
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Railways,  Waterways,  Mechanical  Engineering,  Iron  and  Steel 
Manufacturing,  Mining  Engineering,  Municipal  Engineering, 
Gas  Engineering  and  Electrical  Engineering. 

The  attendance  was  nearly  2,500  of  whom  about  300  were 
from  foreign  countries.  The  sectional  meetings  were  very 
well  attended  and  the  discussions  live  and  to  the  point.  A 
striking  feature  was  the  large  number  of  middle  aged  and  eld- 
erly men.  Lord  Kelvin  was  chairman  and  addressed  the  open- 
ing meeting. 

The  various  works  of  the  neighborhood  were  opened  for 
the  inspection  of  organized  parties,  and  every  opportunity  of- 
fered to  visitors  to  see  and  understand  the  operations  in  prog- 
ress. Owing  to  the  great  number  of  visits,  one  had  to  select 
those  most  interesting  to  himself.  The  writer  chose  the  Fair- 
field Ship  Building  and  Engineering  Works,  an  old  established 
and  very  large  ship  yard,  building  war  vessels  and  large  ocean 
steamers.  Several  large  vessels  in  various  states  of  completion 
were  visited,  as  also  the  machine  shops,  forges  foundry  and 
cabinet  work  departments.  Speaking  generally,  the  machinery 
was  massive  and  strong,  but  of  rather  antiquated  design.  The 
facilities  for  economically  handling  work  were  especially  con- 
spicuous by  their  absence,  much  being  done  by  hand,  or  on 
small  trucks,  and  with  jib  cranes,  thereby  differing  greatly 
from  such  appliances  as  are  to  be  seen  at  the  Newport  News 
Ship  Building  Yards  and  elsewhere  in  America. 

Much  work  on  the  vessels  that  is  accomplished  here  with 
pneumatic  tools,  is  done  there  by  hand.  One  of  the  guides 
stated  that  the  reason  such  tools  were  not  used,  was  owing  to 
the  refusal  of  the  laboring  classes  to  handle  them,  on  the  old 
workman's  theory  that  there  is  just  so  much  work  to  be  done, 
and  anything  that  reduces  this  amount  of  work,  reduces  the 
number  of  men  required.  The  average  British  workman  is  not 
so  well  educated  or  so  bright  as  the  American  workman,  and 
does  not  see  that  he,  himself,  is  the  cause  of  the  loss  in  trade 
English  manufacturers  are  experiencing.     The  proprietors  and 
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managers,  most  of  them,  f  uUy  appreciate  the  merits  of  modern 
machinery  and  methods,  and  are  very  much  alive  to  the  neces- 
sity of  their  general  introduction,  but  are,  to  a  great  extent, 
powerless  against  the  organized  forces  of  ignorant  workmen 
controlled  by  professional  agitators  and  walking  delegates. 

The  social  features  of  the  Congress  were  numerous  and 
well  organized.  Starting  with  a  banquet  for  the  foreign  dele- 
gates and  oflBcers  of  the  various  British  Societies,  held  in  St. 
Andrews  Hall,  a  noble  room,  containing  a  very  large  organ, 
followed  a  reception  given  by  the  head  Provost  and  aldermen, 
at  the  City  Chambers,  to  which  some  three  thousand  or  more 
guests  were  invited.  Speeches,  music  and  refreshments,  and 
examination  of  the  beautiful  city  building  served  to  make  the 
occasion  very  enjoyable.  Still  later  in  the  week  a  large  ball 
was  given  at  St.  Andrews  Hall. 

In  addition  to  the  visits  to  engineering  works  there  was  a 
series  of  pleasure  excursions,  for  both  men  and  women,  to 
various  beautiful  spots  near  Glasgow,  including  visits  to  Loch 
Lomond,  the  harbor  and  neighboring  firths  or  bays,  and  to 
Edinburgh  and  the  Forth  Bridge,  all  admirably  planned  and 
carried  out.  The  attendance  was  very  large,  so  much  so  that 
arrangements  to  handle  all  who  wished  to  go  could  not  be 
made,  and  alternate  excursions  were  offered  to  those  unable  to 
join  the  large  parties.  A  system  of  blanks,  containing  descrip- 
tions of  excursions  were  submitted  to  members,  and  filed  in 
order  of  receiving  them,  the  first  in,  having  precedence  in  choice 
of  excursions,  which  were  limited  as  to  the  number  of  guests. 

The  Glasgow  Exposition,  located  in  a  fine  park,  just  op- 
posite the  University  building,  was  thrown  open  free  to  the  mem- 
bers. It  was  much  like  other  such  fairs,  having  a  main  build- 
ing for  nianufactured  goods,  machinery  hall,  art  gallery,  gov- 
ernment buildings,  etc.  The  buildings  were  large  and  tasteful, 
and  the  exhibits  plentiful  and  well  arranged.  In  machinery 
hall  a  great  deal  of  machinery  of  different  sorts  was  in  active 
operation.     Modem  design  machine  tools,  engines  and  electric 
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machinery  were  seen,  not  only  of  English,  but  of  foreign  make, 
meluding  much  from  the  United  States. 

Perhaps  the  most  notable  feature  of  the  exhibition  was 
the  loan  collection  of  paintings  in  the  beautiful,  permanent  Art 
Gallery,  embracing,  as  it  did,  a  comprehensive  exhibit  of  Brit- 
ish pictures  from  early  times  to  the  present,  and  a  very  large 
number  of  fine  canvasses  of  French  masters.  Critics  said  it 
was  perhaps  the  finest  collection  ever  gathered  together  in 
Great  Britain. 

The  large  athletic  field  attached  to  the  exposition,  with 
contests  of  all  kinds  in  field  sports,  proved  an  enjoyable  feature. 
Perhaps  the  most  remarkable  feature  of  the  whole  fair  was 
that  at  its  close,  a  large  balance  of  profit  remained,  after  pay- 
ing all  bills,  which  was  given  to  the  permanent  Art  Gallery. 

The  reception  of  foreign  delegates  was  very  cordial  and 
every  eflFort  was  made  to  add  to  their  comfort,  profit  and  pleas- 
ure. While  the  foreign  delegates  took  little  active  share  in 
the  meetings,  yet  the  general  results,  both  technical  and  social 
of  the  Congress,  cannot  but  add  to  the  advancement  of  Engi- 


neering. 


Chester  B.  Albree. 


After  the  reading  of  the  papers  the  members  and  friends 
adjourned  to  the  'Society  parlors  where  refreshments  were 
served. 

Charles  W.  Kidingbr, 

Secretary. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  twenty-seventh  regular  monthly 
meeting  of  the  Engineers'  Society  of  Western  Pennsylvania 
was  held  in  the  Lecture  room  of  the  Society's  house,  410  Penn 
Av^.,  Pittsburg,  Pa.,  Tuesday  evening,  Sept.  93,  1902,  at 
8.15  o'clock.  President  Mr.  Chas.  F.  Scott  being  in  the  chair, 
and  1-34  members  and  visitors  present. 

The  minutes  of  the  preceeding  meeting  were  read  and 
approved. 

The  Board  of  Direction  report  that  they  had  passed  favor- 
ably on  the  following  applications  for  membership  and  present 
same  to  the  Society  for  action. 

NAME.  OCCUPATION  AND  ADDRESS.  ENDORSED  BY. 

f  Richard  Hirech, 

ADOLPH  F.  CHRISTMAS,    -    Designer  for         -  i  Chaa.  F.  Scott, 

IE.  S.  McClelland. 
WestiDghouse  Machine  Co.,  East  Pittsburg,  Pa. 
h.  Willard  Ave.,  Pittsburg,  Pa. 

REINHARDT  DAAE.      -      Draughtsman.        -       -        {{i^^Jfier. 

Jones  &  Laughlin,  S.  S.,  City, 
h.  246  Lehigh  St,,  Pittsbui^g,  Pa. 

CHAS.  R.  DALLAS.    -    Pres.  Diet.  Manager,     -     -        { Rich^ird  ffi?^h. 

Bullock  Electric  Mfg.  Co.,  Pittsburg,  Pa. 
h.  3341  Forbes  St.,  Pittsburg,  Pa. 

ALFRED  J.  DIESCHER,    Mechanical  Engineer  Member,     |  w.^l!^^fe. 

Firm  of  S.  Die.<tcher  &  Sons 
714  Hamilton  Building,  Pittsburg,  Pa. 

HARRY  C.  GOULD,        -        Assistant  Engineer,        -        { J*  ^,^^^*' 

U.  S.  Engineers'  Office,  Pittsburg,  Pa. 

GEO.  T.  LADD,        -       Mechanical  Engineer,  -         1 1  j*  Arthurs. 

Bass  Foundr>'  <fe  Machine  Co.,  Fort  Wayne,  Ind. 

WALTER  C.  KERR,    -       Mechanical  Engineer,       -        {  a!^  m1  M ^tfce! 

President  Westinghouse  Church  Kerr  &  Co.. 
First  Vice-President  Westinghonse  Machine  Co.,  10  Bridge  St.,  New  York  City,  N.  Y. 
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J.  M.  MERRILL,        .       -       Manager.         -         -        {i^.gSfy":' 

General  Electric  Co.,  Pittsbniigrf  Pti- 

HENRY  S.  MOULD.        -       President.         -         -  )  ^'"=^*li^SSr. 

The  Henr>'  8.  Mould  Co., 
Manofacturer  of  Briquetting  Machinery,  Empire  Building.  City. 

F.  NAN  McMULLIN,        -       Designer,         -         -  { 1;  I  ^f^l^^^y. 

Heyl  <t  Patterson, 
1406  Chartiers  St.,  Allegheny.  Pa. 

ROBERT  M.  PEARCE,        -        Engineer,        -       -  { l.^i^«|^;.,. 

P.  &  L.  E.  R.  R.       P.  &  L.  E.  Dl\ision. 
1117  4th  Ave.,  Beaver  Falls,  Pa. 

GUY  p.  THURBER,        -       -       Partner,       -       -        {^lehirfHS 

Pittsburg,  Engineering  Co..  Pittsburg.  Pa. 
h.  N.  Euclid  Ave.,  Pittsburg,  Pa. 

It  was  voted  that  the  Secretary  cast  a  ballot  electing  the 
candidates  to  membership. 

The  Board  also  report  that  the  House  Committee  had  fin- 
ished the  following  improvements  in  the  house: 

Ist.  The  room  under  lecture  room  was  cleaned  out  and 
put  in  shape  to  store  the  library  temporarily.  All  books  and 
book-cases  in  the  lecture  room,  also  unbound  proceedings  and 
periodicals  in  the  store  room  were  removed  to  room  under 
lecture  room. 

2nd.  The  front  hall,  stairs,  second  floor  hall,  coat  room, 
two  front  rooms,  second  floor,  lecture  room,  and  vestibule 
were  papered  and  painted. 

3rd.  New  carpets  were  furnished  for  first  and  second 
floor  halls,  stairs,  and  oflice  on  second  floor.  The  floor  of 
lecture  room  was  covered  with  linoleum.  Carpet  from  office 
was  laid  in  coat  room. 

4:th.     Ventilator  was  put  in  lecture  room  in  sky-light. 

6th.  Old  folding  chairs  in  lecture  room  were  replaced 
with  bent  wood  and  new  chairs  were  also  furnished  for  oflicers. 

6th.  The  store  room  next  to  coat  room  was  cleaned  out 
and  the  partition  cut  away  between  the  two  rooms,  increasing 
the  size  of  coat  room.  There  were  also  other  improvements 
made,  such  as  electric  light  wiring,  new  chandelier  foi*  front 


BEGULAR  MEETING.  341 

hall,  curtains  and  blinds  for  two  front  rooms  on  second  floor, 
light  blind  for  magic  lantern,  painting  oflieers'  table  in  lecture 
room,  etc.  The  cost  of  these  improvements  will  amount  to 
approximately  $900. 

Mr.  Johnson  stated  that  he  was  not  present  at  the  March 
meeting  of  the  Society,  but  understood  that  action  was  taken 
at  that  meeting,  whereby  a  part  of  the  library  was  to  be  re- 
moved to  the  Carnegie  Library.  He  then  offered  the  follow- 
ing resolution: 

Kesolved,  That  the  action  had  at  the  March  meeting, 
authorizing  the  Board  of  Direction  to  deposit  the  reference 
books  of  our  library  in  the  Carnegie  Library,  be  rescinded. 

Mr.  Scott  read  from  the  March  proceedings  a  statement 
of  the  action  taken. 

Mr.  Johnson  explained  the  history  of  the  action  taken 
some  years  ago  in  connection  with  the  Society  moving  its  head- 
quarters into  the  proposed  Carnegie  Library  Building. 

Previous  to  erection  of  that  building  a  movement  had  been 
set  on  foot  to  provide  a  permanent  house  for  the  Society.  The 
scheme  had  been  thoroughly  matured,  a  site  had  been  selected 
and  an  option  thereon  secured,  and  an  architect  engaged  to 
prepare  plans.  The  success  of  the  scheme  was  fully  assured. 
The  Committee  having  the  matter  in  charge  called  upon  Mr. 
Gottlieb,  past  President  of  this  Society,  and  then  President  of 
the  Keystone  Bridge  Co.,  to  have  him  ascertain  to  what  ex- 
tent Mr.  Carnegie  would  become  a  subscriber  to  the  fund.  Mr. 
Gottlieb  told  the  Committee  that  only  a  short  time  previously 
Mr.  Carnegie  had  informed  him  (Gottlieb)  of  his  intention  to 
donate  to  the  city  of  Pittsburg,  a  library  building  in  which 
he  intended  to  provide  free  quarters  for  all  the  scientific  socie- 
ties in  Pittsburg,  and  advised  the  Committee  to  let  their 
scheme  drop. 

This  was  done.  Mr.  Carnegie  carried  out  his  declared 
intention.  The  various  societies  were  asked  to  designate  the 
space  required,  which  was  furnished,  and  included  in  the  pre- 
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liminary  plans.     The  house  was  built,  but  with  the  accommo- 
dations for  the  societies  largely  curtailed  and  modified. 

When  the  building  was  nearing  completion  the  Trustees 
invited  the  ofScers  of  this  Society  to  meet  them  at  the  build- 
ing, to  arrange  terms  under  which  we  might  avail  ourselves  of 
Mr.  Camegie^s  generosity.  At  that  meeting  the  Trustees  de- 
manded, 

Ist.  That  our  Library  should  be  moved  into  and  become 
a  part  of  the  general  public  Library. 

2nd.  That  the  Societies  jointly  should  pay  the  salary  of 
the  Curator  ($3,000  named),  of  which  the  proportion  falling  to 
the  Engineers'  Society  would  be  about  $2,400  or  $2,500. 

To  have  accepted  this  proposition  would  have  left  the 
Society,  out  of  its  revenues,  only  $300  or  $400  per  year  for  all 
other  expenses.  We  would  have  been  compelled  to  abandon 
the  publication  of  our  proceedings,  dispense  with  a  paid  Sec- 
retary and  other  features;  witt  the  result  that  the  Society 
would  have  died  of  inanition  in  a  very  short  time. 

Furthermore,  one  of  the  Trustees  took  it  upon  himself 
to  say  that  if  the  Engineers'  Society  refused  to  avail  them- 
selves of  the  terms  offered,  they  would  be  acting  in  bad  faith, 
but  whatever  bad  faith  there  was  in  this  transaction  does  not 
rest  with  the  Engineers. 

Mr.  Brashear  made  some  remarks  in  which  he  stated  that 
the  Society  might  be  thankful  that  it  did  not  decide  to  make  its 
headquarters  in  Carnegie  Library,  as  other  Societies  who  had 
arranged  to  hold  meetings  there  had  received  very  poor  accom- 
modations and  very  poor  treatment,  etc.,  etc. 

Mr.  Albree  remarked  that  he  had  been  on  the  Library 
Committee  for  two  or  three  years,  and  after  having  gotten  the 
Library  in  fairly  good  shape,  had  hoped  that  the  members 
would  make  use  of  it,  but  there  had  not  been  ten  members  use 
the  Library  last  year.  It  was  on  this  account  that  the  Library 
Committee  favored  placing  the  books  with  the  Carnegie 
Library  where  they  would  be  more  accessable. 
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Mr.  Stupakoff  stated  that  in  his  opinion  the  reason  the 
Library  had  not  been  made  use  of  more  extensively  was,  be- 
cause there  had  never  been  a  complete  index,  showing  exactly 
what  could  be  found  in  the  Library. 

Mr.  Johnson  desired  to  correct  Mr.  Albree  on  the  esti- 
mate of  the  number  times  of  the  Library  was  referred  to  the 
past  year,  as  he  feels  sure  that  he  personally  visited  the 
Library  more  than  ten  times  himself. 

The  motion  of  Mr.  Johnson  was  carried. 

Mr.  Scott: — Transportation  is  one  of  the  most  important 
factors  in  civilization.  The  developments  in  transportation 
and  the  advance  in  civilization  have  in  a  measure  gone  hand 
in  hand.  The  changes  which  have  taken  place  in  methodb  of 
transportation  durinsr  the  last  century  underly  the  great  de- 
velopments which  have  taken  place  in  commerce,  in  manufac- 
ture and  in  social  conditions.  The  problems  of  transportation 
have  been  essentially  engineering  problems. 

The  advances  which  have  been  made  have  resulted  from 
the  work  of  the  Engineer. 

The  means  of  transportation  by  water,  including,  on  one 
hand,  steamships,  and  on  the  other  hand  the  improvements  of 
waterways,  have  been  the  work  of  the  Engineer.  The  devel- 
opment of  the  locomotive  and  of  rolling  stock,  as  well  as  the 
construction  of  bridges  and  tunnels  have  been  the  work  of  the 
Engineer. 

If  you  were  to  take  a  railroad  map  and  draw  a  line  south 
from  Buffalo  through  Pittsburg,  you  would  find  that  there  are 
not  more  than  one  or  two  railroads  of  importance,  which  do 
not  come  to  a  focus  at  Pittsburg  or  at  Buffalo,  the  two  gate- 
ways between  the  east  and  the  west. 

Pittsburg  is  a  focus  both  for  railways  and  for  waterways, 
as  two  great  rivers  unite  in  the  Ohio,  which  leads  to  the  sea. 

I  was  surprised  to  note  a  few  days  ago  that  the  tonnage 
of  the  Pennsylvania  railway  system  alone  exceeds  the  tonnage 
of  Great  Britain,  including  that  of  all  its  railways  and  its 


344      engineers'  society  of  western  Pennsylvania. 

ocean  traffic.  On  the  other  hand,  the  tonnage  of  the  Pittsburg 
rivers  exceed  that  of  the  port  of  New  York  with  its  magnifi- 
cent harbor  and  extensive  docks  and  its  world  wide  commerce. 
The  value  of  the  tonnage  of  Pittsburg  by  no  means  equals  that 
of  New  York,  but  the  problems  which  confront  the  engineer 
are  measured  by  tons  rather  than  by  dollars. 

The  papers  to  be  presented  this  evening  deal  both  with  the 
railways  and  waterways  of  Pittsburg.  The  two  come  in  close 
contact  in  their  engineering  as  well  as  their  commercial  rela-- 
tions. 

The  difficulty  and  magnitude  of  the  problems  presented  in 
this  Pittsburg  district  are  equalled  only  by  their  far-reaching, 
industrial  and  commercial  importance. 

I  have  the  pleasure  of  introducing  Capt.  Wm.  L.  Sibert, 
Corps  of  Engineers,  U.  S.  Army,  who  is  now  stationed  in 
Pittsburg. 
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FULL  USE  OF  THE  RIVERS  AT  PITTSBURG  AND  THE 
REMOVAL  OF  THE  OBSTRUCTIONS  TO  SUCH  USE. 

BY  CAPT.  WM.  L.  SIBERT. 

Recently  in  designing  Lock  No.  2,  Allegheny  River,  the 
upper  mitre  sill  was  placed  10  feet  below  the  pool  surface, 
anticipating  that  during  the  life  of  the  lock,  barges  of  9  feet 
draught  would  be  loaded  from  manufacturing  plants  along  the 
banks  of  the  pool  for  shipment  to  tidewater. 

We  are  now  passing  through  a  period  of  abnormal  home 
demand  for  the  products  of  Pittsburg.  Our  railroads  are  all 
renewing  the  superstructures  of  their  bridges,  replacing  their 
wooden  cars  with  steel  cars,  laying  heavier  rails  and  additional 
tracks.  We  are  inaugurating  a  wonderful  system  of  suburban 
electric  roads  connecting  our  cities.  We  are  tearing  down  our 
stone  and  brick  buildings  and  replacing  them  with  steel  frame 
structures;  this  in  connection  with  remarkable  prosperity 
everywhere,  accounts  for  the  present  abnormal  home  demand. 
To  meet  this  demand,  we  are  building,  as  fast  as  we  can,  addi- 
tional manufacturing  plants.  The  time  must  surely  soon  come 
when  the  home  demand  will  be  normal  and  many  of  the  plants 
now  in  operation  must  look  for  a  foreign  market  for  their  pro- 
ducts. When  that  time  comes,  cheap  transportation  to  tide- 
water becomes  a  vital  question,  and  to  those  cities  with  equal 
natural  advantages,  the  one  that  can  solve  most  cheaply  the 
question  of  transportation  to  tidewater  will  win. 

The  world  is  looking  to  the  far  East  as  a  probable  market 
for  large  quantities  of  iron  and  steel  products.  Partly  in  antici- 
pation of  this,  the  United  States  has  authorized  the  construc- 
tion of  an  Isthmian  Canal;  this,  in  addition  to  giving  Pittsburg 
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of  them  were  built  under  State  authority,  with  the  result  that 
nearly  all  the  attempts  at  navigation  have  been  nullified  by  these 
bridges  and  we  still  see  the  old  keel-boat  days  in  the  Allegheny. 

The  Union  bridge  at  the  mouth  of  the  river  has  a  clear 
height  of  36  feet  above  pool  surface.  One  bridge  in  the  Herr 
Island  pool  will  have  a  clearance  above  such  pool  of  27.5  feet. 
The  least  height  of  packet  that  leaves  Pittsburg  for  the  south 
is  45  feet,  chimneys  down  ;  the  least  height  of  larger  tow- 
boats  is  50  feet,  chimneys  down.  The  average  height  of  the 
Monongahela  River  towboats  is  about  26  feet,  chinmeysdown; 
the  height  of  a  suitable  packet  for  the  Allegheny  River  would 
be  at  least  30  feet,  chimneys  down. 

It  is,  therefore,  seen  that  the  tow  and  packet  boats  that 
transport  Pittsburg  products  south  cannot  enter  the  Allegheny 
River  at  low  water.  That  a  suitable  packet  for  this  river 
could  not  pass  under  the  bridges  in  Herr  Island  pool  at  low 
water,  and  that  the  towboats  suitable  for  pool  towing  could 
not  navigate  the  stream  at  a  stage  above  10  feet.  We  see  on 
the  Allegheny  River  the  only  steel  boat-building  establishment 
in  Pittsburg,  launching  the  hulls  of  its  boats  and  floating  them 
under  the  Union  bridge,  and  then  building  the  upper  part  in 
the  unobstructed  river  below.  We  see  broken  shafts  of  steam- 
boats hauled  by  wagons  around  this  bridge  to  the  same  place 
for  repair.  This  forces  much  work  elsewhere  for  execution. 
We  see  manufacturing  plants  on  the  Allegheny  hauling  their 
products  by  wagons  to  the  Monongahela  or  Ohio  River  for 
shipment  to  lower  Mississippi  River  points,  paying  half  as 
much  for  this  hauling  as  it  costs  to  transport  the  same  material 
2,000  miles  to  its  market. 

The  Union  bridge  at  the  mouth  of  the  Allegheny  should 
have  a  height  of  70  feet  above  pool,  thus  enabling  the  harbor- 
ed craft  to  seek  either  river  for  safety  in  case  of  floods  or  run- 
ning ice  in  the  other.  The  ice  ordinarily  comes  out  of  the 
Monongahela  several  days  before  it  does  out  of  the  Allegheny. 
Abov^e  the  Union  bridge  it  is  thought  that  a  clear  height  of  50 
feet  above  Davis  Island  pool  will  be  sufficient  to  Brilliant. 
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Pittsburg  Harbor. 

This  harbor  extends  from  Davis  Island  Dam  to  McKees- 
port  on  the  Monongahela,  and  to  Brilliant  on  the  Allegheny. 
On  the  Monongahela  nearly  all  the  available  sites  for  manufac- 
turing plants  are  taken  up  for  30  miles.  On  the  Ohio  the 
same  condition  will  immediately  follow  the  completion  of  the 
dams  now  under  way  ;  this  leaves  the  Allegheny  the  undevel- 
oped section  and  the  only  section  left  for  Pittsburg's  growth 
in  manufacturing  plants. 

If  the  bridges  were  raised  by  the  time  the  locks  and  dams 
at  present  under  way  are  completed,  so  that  free  water  com- 
munication existed  between  the  three  streams,  what  uses  could 
be  made  of  it  to  cheapen  Pittsburg  p^'oduction  and  relieve  the 
present  terminal  difficulties  i 

All  of  the  material  needed  at  the  various  structural  works 
could  be  transported  from  the  mills  more  cheaply  and  much 
quicker  than  now  by  rail.  Take  for  instance  a  pressed  car 
works  that  requires  1,500  tons  of  steel  a  day.  Let  this  estab- 
lishment build  10  500-ton  barges  at  a  total  cost  of  $25,000. 
It  could  then  purchase  its  steel  loaded  at  the  mill,  and  could 
have  its  towing  done  at  a  cost  of  less  than  2c  per  ton,  up  to  a 
distance  of  10  miles  ;  the  entire  amount  of  material  could  be 
delivered  in  about  2  hours'  time. 

Apply  this  system  to  all  similar  transfers  in  the  harbor, 
and  one  can  easily  see  that  it  would  materially  reduce  the  conges- 
tion of  cars  in  Pittsburg  and  enable  the  railroads  to  haul  the 
products  away  from  Pittsburg.  If  this  did  not  reduce  the 
congestion  sufficiently,  the  railroads  could  build  boats  for  trans- 
ferring cars  loaded  and  unloaded  to  and  from  the  various 
plants  to  points  on  the  three  rivers  away  from  the  congested 
center,  and  then  haul  them  away.  Such  facilities  would  en- 
able new  railroads  entering  Pittsburg  to  reach  the  various 
manufacturing  establishments  by  transfer  boats,  as  is  done  in 
Mew  York  Harbor,  more  cheaply  than  they  could  do  it  in  this 
congested  center  by  cars,  assuming  that  it  is  practicable  at  all 
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for  new  roads  to  reach  many  of  our  establishments  by  cars. 
Transfer  barges  capable  of  transferring  as  many  as  22  loaded 
cars  at  a  trip  can  be,  if  necessary,  built  and  passed  the  locks 
just  authorized  on  the  Monongahela.  Consideiing  the  limited 
space  in  the  Monongahela  Valley  and  its  already  congested 
condition,  the  manufacturing  establishments  of  Pittsburg 
should  see  that  they  are  not  barred  from  inclines  to  the  ri\rer, 
not  only  for  the  purpose  of  river  transportation,  but  for  the 
purpose  of  additional  railroad  facilities. 

Nature  has  made  it  practicable  to  give  Pittsburg  similar 
facilities  to  those  in  New  York  in  the  way  of  handling  freights. 
In  connection  with  the  subject  of  extending  transportation  fa- 
cilities in  and  about  New  York,  the  following  quotation  from 
the  Engineering  News  is  pertinent  to  the  condition  at  Pittsburg: 

''  The  fact  is  that  instead  of  the  North  River  being  a  bar- 
rier to  traffic  under  present  conditions,  it  is  really  a  vast  dis- 
tributing yard  with  its  tracks  always  maintained  free  of  cost, 
and  in  which  a  train  can  move  from  one  point  to  any  other 
without  obstruction  or  delay. 

**Nor  is  this  yard  limited  in  extent  to  the  North  River. 
The  car  float  goes  from  the  Jersey  City  pier  to  any  point  on 
the  East  Kiver,  the  Harlem  River,  or  the  harbor,  and  by  rea- 
son of  this  enormous  mileage  of  water  front  the  loaded  freight 
car  can  be  delivered  at  a  warehouse  close  to  its  final  destination 
at  less  total  actual  cost  than  the  switching  charges  for  similar 
transfer  in  any  other  great  city  of  the  country." 

The  records  of  the  last  3U  years  show  that  on  the  average 
the  stage  of  water  in  the  Harbor  of  Pittsburg  is  9  ft.  or  more 
above  pool  stage,  i.  e.,  above  15 -ft.  stage,  10.7  days  per  year; 
that  it  is  above  the  20-ft.  stage  5.5  days  per  year;  that  the 
greatest  number  of  days  in  any  one  of  the  last  30  years  that 
navigation  was  interfered  with  by  the  Monongahela  River 
bridges  in  the  Harbor  was  seven.  The  surface  of  the  water 
is  practically  at  pool  stage  about  8  months  in  the  year,  from 
which  it  would  appear  that  the  difliculties  of  a  car  transfer 
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system  in  Pittsburg  Harbor  should  not  exceed  those  in  a  tidal 
harbor  with  its  tidal  currents  and  daily  variations  in  water  level. 

These  uses  imply  an  unobstructe<.l  harbor  and  a  harbor 
of  sufScient  depth  at  all  times.  Modern  conditions  demand 
certain  and  continuous  means  of  transportation,  and  the  conver- 
sion of  Davis  Island  Dam  into  a  fixed  dam,  in  producing  this 
condition,  is  one  of  the  questions  under  consideration  now.  If 
this  were  done  and  the  bridges  raised,  no  reason  is  seen  why 
these  uses,  and  many  more  that  could  be  mentioned,  could  not 
be  realized. 

Galveston  rested  secure  in  the  feeling  that  the  wind  would 
not  blow  with  high  velocity  from  a  certain  quarter  for  a  greater 
length  of  time  in  the  future  than  it  had  in  the  past,  and 
awoke  one  night  in  a  terrible  catastrophe. 

On  March  1st  last  the  Allegheny  River  rose  to  a  stage  of 
34^  feet  at  22nd  street.  This  rise  was  produced  almost  wholly 
from  melted  snow.  Had  there  been  at  the  same  time  an  inch 
of  rainfall  over  the  valley  of  the  Allegheny,  a  very  frequent 
occurrence,  the  above  stage  would  have  been  increased  prob- 
ably as  much  as  5  feet,  enough  to  reach  the  superstructure  of 
nearly  every  bridge  across  the  Allegheny  within  the  City  of 
Pittsburg.  What  would  be  the  result  of  such  a  flood,  bring- 
ing with  it  the  winter's  ice  out  of  the  Allegheny  ?  The  prob- 
abilities are  that  the  superstructures  would  be  taken  off  the 
bridges,  lodge  against  the  piers  below  on  which  the  ice  would 
gorge  and  the  destruction  of  life  and  property  would  be  appal- 
ling.    The  possibility  of  this  should  be  eliminated. 

The  removal  of  all  obstructions  to  the  full  use  of  the 
lower  portion  of  the  Allegheny  would  result  in  a  remarkable 
devel(»pment  of  the  Allegheny  Valley,  a  development  commen- 
surate with  the  expenditures  for  river  improvements,  and 
Pittsburg  would  be  the  trade  center  of  the  developed  section. 

While  knowing  nothing  as  to  the  plans  of  or  necessities 
for  warehouses  or  freight  depots  on  the  Point,  it  is  an  evident 
proposition  that  it  would  be  an  advantage  to  Pittsburg  to  have 
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the  railroad  tracks  removed  from  Liberty  street.  The  raising 
of  the  bridges  makes  it  practicable  to  do  this  and  to  make  bet- 
ter connections  to  such  warehouses  or  depots  by  surface  tracks 
passing  under  the  elevated  approaches  to  the  bridges  than  exist 
now.  An  approximate  location  of  such  tracks  can  be  seen 
on  the  plans  to  be  presented  later.  In  case  elevated  tracks  are 
desired  instead  of  surface  tracts,  the  raising  of  the  bridges 
will  not  interfere  with  that  plan,  as  can  be  seen  on  drawings 
herewith. 

The  approaches  to  the  raised  bridges  on  the  Allegheny 
City  side  involve  changes  in  street  grades  on  two  streets  only, 
viz:  Grant  and  Chestnut,  The  approaches  to  the  6th,  7th  and 
9th  St.  bridges  remain  as  they  are  now.  Such  approaches  on 
the  Pittsburg  side  involve  changes  in  street  grades  at  16th,  oOth 
and  43rd  streets  only,  eliminating  grade  crossings  at  30th  and 
4:3rd  streets.  On  the  two  ends  of  the  raised  43rd  street  bridge, 
grade  crossing  of  13  railroad  tracks,  including  2  main-line 
railroads,  are  converted  into  overhead  crossings. 

The  maximum  grade  in  approaching  the  raised  bridges 
will  not  exceed  the  maximum  grade  found  on  some  of  the 
bridges  now. 

In  connection  with  this  subject  the  following  extract 
from  Congressional  Kecord  of  March  17th  is  quoted — Mr. 
Reeves.  *  *  *  *  ''When  a  bridge  is  lawfully  in  its 
place,  either  by  Act  of  a  State  or  by  an  Act  of  Congress,  if 
the  Congress  in  giving  its  assent  does  not  reserve  the  right  to 
alter  or  amend  or  repeal  the  provision  authorizing  its  con- 
struction, but  without  limitation  gave  the  Company  the  right 
to  build  it,  my  opinion  of  the  law  is  that  the  Government  can- 
not alter  ii  nor  change  it  without  paying  the  expense  in  doing 
so." 
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PRELIMINARY  STUDY  WITH  SKETCHES  SHOWING  A  PLAN  FOR 
RAISING  BRIDGES  IN  THE  ALLEGHENY  RIVER. 

Union  Bridge. — ^This  bridge  is  now  old  and  not  serviceable 
for  heavy  traffic.  It  will  be  necessary  to  rebuild  it  before  it 
can  be  so  utilized.  A  new  bridge  is  assumed  in  this  case.  The 
Point  Bridge  has  the  elevation  that  this  bridge  should  have,  and 
there  seems  to  be  no  reason  why  the  Pittsburg  approach  to  the 
Union  bridge  should  not  join  the  approach  to  the  Point  bridge, 
widening  such  approach  if  necessary.  This  approach  and  the 
approach  in  Allegheny  City  side  are  shown  on  blue-print.  An 
approach  from  Duquesne  Way  is  also  shown.    See  plate  No.  1. 

Sixth  Street  Bridge. — The  blue-print  plan  herewith  shows 
that  it  is  practicable  to  raise  this  bridge  without  changing  the 
approach  on  the  Allegheny  City  side.  On  the  Pittsburg  side, 
viaduct  approaches  of  easy  grade,  river  ward  of  Duquesne  Way, 
reach  street  grades  at  6th  and  7th  streets,  respectively,  with 
no  property  damage  and  at  a  moderate  cost.  See  plate  No.  2 
and  C, 

Seventh  St.  Bndge. — The  width  of  river  between  harbor 
lines  between  9th  and  6th  streets  is  about  100  feet  more  than  it 
is  above  and  below.  And  it  is  practicable  to  make  approaches 
to  this  bridge  in  the  same  manner  as  to  the  6th  street  bridge, 
starting  from  9th  and  6th  streets  as  shown  on  blue-print.  On 
the  Allegheny  side  the  approach  remains  as  now.  7th  and  9th 
street  bridges  have  similar  profiles,  plate  2. 

Ninth  St.  Bridge. — The  Allegheny  approach  remains  the 
same  as  now.  The  approach  from  the  Pittsburg  side  starts  at 
7th  street  riverward  of  Duquesne  Way.  To  give  the  requisite 
width  of  spans  it  will  be   necessary   to   rebuild   this   bi'idge. 

Eleventh  St.  Bridge. — The  approaches  to  this  bridge  are 
already  provided.  By  abandoning  the  lower  track  and  lifting 
the  channel  span  so  that  the  lower  track  will  have  the  same 
elevation  as  the  upper  track  of  the  other  spans,  the  interests  of 
navigation  would  probably  not  be  materially  interfered  with. 
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Sixteenth  St.  Bridge. — ^The  approaches  to  this  bridge  on 
both  sides  of  the  river  involve  making  fills  and  viaducts  in 
16th  and  Chestnut  Streets,  as  shown  on  blue-print.  This  is  an 
old  wooden  bridge,  and  a  new  bridge  is  assumed. 

Thirtieth  St.  Bridge. — On  Herrs  Island  the  necessary  ele- 
vation conforms  to  plans  desired  by  the  R.  R.  work  planned  on 
that  island.  On  the  Pittsburg  side  the  new  elevated  approach 
is  shown  on  blue-print. 

Tliirty-third  St.  Bridge. — This  is  the  Pittsburgh  Junction 
R.  R.  bridge.  A  plan  for  raising  this  is  shown  on  blue- print, 
improving  the  gi'ade  on  the  bridge  over  main  channel  and  back 
channel.  This  change  involves  the  construction  of  about  2000 
ft.  of  viaduct  on  the  Allegheny  City  side,  the  grade  on  which 
will  be  less  than  the  present  grade  on  the  bridge  or  on  the 
northern  approach  to  it.  This,  however,  interferes  with  no 
other  interest — is  simply  a  matter  of  cost.  Very  little  expense 
would  attach  to  the  other  work.      See  plate  No.  3. 

Forty-third  St.  Bridge. — ^Plans  for  raising  this  bridge  are 
shown  on  blue-piint.  It  involves  viaduct  approaches  on  4:3rd 
street,  Pittsburg  side,  and  on  Millvale  Borough  side.  This  plan 
carries  the  traffic  over  the  Pittsburgh  Junction,  Pittsburgh  & 
Western,  West  Penn  and  Traction  Co.,  tracks,  as  shown.  This 
would  be  a  boon  to  the  traveling  public  and  to  the  railroads. 
This  is  a  wooden  bridge  thirty-two  years  old.     See  plate  No.  4. 
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DOUBLE  DECK  BRIDGE  FOR  P,  F.  W.  &  C.  RY.      L^ 
CROSSING  THE  ALLEGHENY  RIVER  AT 

PITTSBURGH,  PA. 

BY    MR.   E.   A.  AMADEN,   G.   E., 
American  Bridge  Co. 

The  extensive  improvements  that  were  undertaken  in 
Pittsburgh  and  Allegheny  sometime  ago,  by  the  Pienna.  Com- 
pany in  connection  with  the  terminal  improvements  by  the 
Pennsylvania  Railroad,  are  now  well  advanced  toward  comple- 
tion. 

This  work  includes  the  track  elevation  in  both  Pittsburgh 
and  Allegheny  and  a  modern  bridge  across  the  Allegheny  River 
at  Eleventh  Street.  To  avoid  the  grade  crossings,  that  had 
become  a  menace  to  the  ever  increasing  street  traffic,  it  was 
necessary  to  elevate  the  tracks  of  the  Pittsburgh,  Ft.  Wayne 
&  Chicago  Railway. 

A  double  track,  solid  floor,  through  plate  girder,  spans 
Penn  Avenue  at  Eleventh  street,  and  from  Penn  Avenue  to  the 
bridge  crossing  the  Allegheny  River  the  tracks  are  carried  on 
a  double  track  steel  viaduct. 

The  bridge  crossing  the  river  at  this  point  is  a  four-truss, 
double-deck  structure,  and  is  983.96  ft.  long,  centre  to  centre 
of  end  pins.  It  is  made  up  of  three  spans  156  ft.  J  in.  centre 
to  centre  of  end  pins,  one  channel  span  338  ft.  3^  in.  centre  to 
centre  end  pins,  and  one  flared  span  164  ft.  2^  in.  centre  to 
centre  end  pins.  In  order  to  connect  with  the  low  grade  freight 
tracks  of  the  West  Penn  and  the  Buffalo  and  Allegheny  Divis- 
ions it  was  necessary  to  design  this  structure  for  a  lower  as  wel 
as  an  upper  floor  deck. 

To  meet  these  requirements  the  bridge  was  designed  with 
four  trusses.     The  P.  Ft.  W.  &  C.  tracks  are  carried  on  the 
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upper  deck  on  the  up-stream  side  and  the  low  grade  tracks  on 
the  down- stream  side  of  the  lower  deck.  Provision  is  also 
made  on  the  up-stream  side  of  the  lower  deck  for  a  foot  walk. 

By  referring  to  the  inset  sheet  accompanying  this  article 
will  be  found  a  general  elevation,  plan  and  cross  sections, 
showing  the  general  outline  and  arrangement  of  the  sti*ucture. 

The  outside  trusses  are  designed  for  a  live  load  of  3,750 
pounds  per  lineal  foot,  plus  37,600  lbs.  concentrated  weight, 
all  applied  at  the  level  of  the  upper  deck.  The  trasses  of  the 
middle  opening  are  designed  for  a  live  load  of  7,600  lbs.  per 
lineal  foot,  plus  a  concentrated  weight  of  75,000  lbs.,  60% 
applied  at  the  high  level  and  40  %  at  the  low  level. 

The  floor  systems  were  designed  for  a  live  load  of  5,000 
lbs.  per  lineal  foot  of  track,  plus  a  concentrated  weight  of 
60,000  lbs. 

The  lateral  systems  for  all  spans  were  proportioned  for  a 
static  wind  load  of  30  lbs.  per  square  foot  of  exposed  surface 
and  600  lbs.  moving  or  50  lbs.  static  load. 

Impact  was  added  to  the  web  systems  in  accordance  with 
Penna.  Lines  West  of  Pittsburgh  specifications,  dated  April, 
1897. 

The  unit  stresses  were  increased  20%  over  the  allowed 
unit  stresses  for  soft  steel.  The  material  used  in  the  trusses 
and  bracing  being  medium  O.  H.  steel,  and  in  all  members  in 
the  floor  systems  soft  O.  H.  steel  was  used. 

The  Penna.  Lines  standard  floor  deck  was  used,  and  so 
framed  to  take  out  all  the  camber,  giving  a  level  floor  under 
dead  load.  One  half  the  camber  was  taken  up  in  the  stringers 
and  one  half  dapped  out  in  the  ties. 

The  design  for  the  foot  walk  is  somewhat  novel,  inasmuch 
as  the  railing  was  designed  as  a  girder,  and  carries  the  floor 
direct  without  the  use  of  floor  stringers.  It  was  found  neces- 
sary to  provide  over  the  walk  a  covering  for  the  protection  of 
the  foot  passengers  against  falling  matter  from  the  tracks  above. 
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This  has  been  amply  provided  for  by  extending  purlins 
between  the  cross  bracing  at  the  panel  points  and  covering  the 
same  with  galvanized  corrugated  steel.  The  purlins  are  sup- 
ported at  intermediate  points  by  trusses  carried  by  the  side- 
walk railing. 

Before  beginning  the  erection  of  the  new  structure  the  old 
bridge  was  moved  down  stream  27  feet  at  the  east  end  and  43 
feet  at  the  west  end.  Six  temporary  pile  supports  had  been 
provided  to  carry  the  old  bridge  in  its  new  position.  Tee  rail 
bed  plates  and  rollers  nest  were  placed  under  the  old  spans,  and 
the  same  were  brought  into  position  with  three  twelve  spool 
hoisting  engines,  having  a  combined  capacity  of  105  horsb 
power. 

The  bridge  was  moved  as  a  whole  to  a  parallel  position, 
so  that  the  Pittsburgh  end  was  in  its  final  position  and  then  the 
Allegheny  end  was  swung  around  in  its  position. 

The  moving  of  the  old  bridge  was  performed  on  Sunday 
morning,  and  caused  but  a  short  delay  in  the  movement  of  the 
regular  traffic  across  the  river.  The  approximate  weight  of 
iron  in  the  old  structure  was  about  1,300  tons. 

The  alignment  of  the  P.  Ft.  W.  &  C.  tracks  had  been  so 
changed  that  by  shifting  the  old  bridge  as  before  mentioned, 
the  north  and  middle  openings  of  the  entire  new  bridge,  involv- 
ing the  three  northerly  trusses  and  their  enclosed  tracks,  could 
be  erected  without  interfering  with  the  traffic. 

Upon  completion  of  the  north  and  middle  opening  of  the 
new  bridge,  the  old  bridge  is  to  be  taken  down  and  the  south 
opening  of  the  new  bridge  erected  in  place. 

The  weight  of  steel  in  the  new  structure  for  span  No.  1  is 
1,100  tons;  for  span  No.  2  is  2,800  tons;  for  spans  Nos.  3,  4 
and  5,  2,660  tons,  making  a  total  for  the  entire  bridge  of  6,550 
tons,  exclusive  of  the  steel  viaduct  approaches. 

The  erection  was  begun  at  the  Allegheny  end,  erecting 
the  three  small  spans  first,  then  the  flared  span  at  the  Pitts- 
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burgh  end,  and  finally  the  channel  span.  This  method  of 
erection  was  adopted  in  order  to  keep  the  channel  open  to 
avoid  any  damage  by  high  water  during  the  June  freshets. 

Upon  the  completion  of  this  structure  the  Penna.  Company 
will  have  a  bridge  that  will  meet  all  the  demands  that  will  be 
required  of  a  structure  of  this  kind  for  years  to  come. 
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ARTIFICIAL  LIMITATIONS  OF  COMMEKCE  ON  OUR 

RIVERS. 

BY  CAPTAIN  JOHN  F.   DRAVO. 

Transportation  is  a  controlling  agency  in  supplying 
domestic  wants  and  industrial  necessities.  Two  forms-water 
and  rail  are  the  chief  factors  in  meeting  these  demands.  There 
is  no  conceivable  reason  why  these  two  forms  of  carriage 
should  not  work  in  harmony  and  supplement  each  other  in 
meeting  the  wants  of  modern  life,  but  unfortunately  they  too 
often  are  found  in  hostile  array,  though  it  must  be  admitted 
that  the  antagonism  comes  mainly,  if  not  uniformly,  from  the 
rail  side.  I  know  of  no  instance  of  river  interests  placing  any 
obstacles  in  the  way  of  rail  movements,  unless  opposition  to 
shore  fills  and  narrow  bridge  channel  passage  ways  be  so  con- 
sidered. Water  ways  antedate  by  many  centuries  the  advent 
of  the  rail,  and  therefore,  have  priority  of  right  of  way,  not 
secured  by  a  hasty  survey  to  prevent  competition,  but  a  right 
of  w&y  furnished  by  the  generous  provisions  of  nature,  open 
to  all  for  public  or  private  use.  Two  forms  of  obstruction, 
natural  and  artificial,  interfere  with  the  most  desirable  condi- 
tions of  water  ways  within  the  territorial  limits  of  the  United 
States.  In  response  to  the  earnest  demands  of  farm,  mine  and 
mill  for  cheap  transportation,  the  National  Government  is 
expending  vast  sums  of  money  to  overcome  the  natural  hindr- 
ances to  the  best  navigable  conditions  of  lake  and  river;  but 
it  is  a  great  misfortune,  a  misfortune  that  amounts  to  a  public 
calamity,  that  private  corporations  have,  and  are  still  adding 
artificial  limitations  to  the  full  and  free  use  of  our  rivers,  which 
work  to  the  greatest  possible  disadvantage  of  water  way  com- 
merce. On  the  Allegheny  River,  within  the  corporate  limits 
of  this  great  city,  there  exists  a  condition  of  bridge  obstruc- 
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lion  which  only  an  insane  policy  of  cheapness  could  have 
devised,  and  the  domination  of  corporate  selfishness  continue. 

To  fence  up  the  outlet  of  a  great  valley,  posessing  almost 
boundless  elements  of  wealth,  of  manufacturing  prosperity 
and  industrial  growth,  by  a  series  of  bridges  constructed  on  the 
money  saving  plan,  is  suggestive  of  a  deliberate  purpose  to 
cripple,  if  not  destroy,  the  commerce  of  the  river;  and  what 
adds  to  this  unfortunate  condition,  a  great  rail  corporation  is 
engaged  now  and  has  been  for  months  in  constructing  a  bridge 
across  the  river  which  is  a  disturbing  menace  to  interstate 
commerce  and  will  continue  to  embarass  and  restrict  river  trade 
as  long  as  the  bridge,  in  its  present  form,  exists;  a  bridge 
built  in  defiance  of  every  principle  of  common  equity  and  the 
earnest  pleadings  of  those  who  use  *  the  river  for  commercial 
purposes. 

There  is  no  reason  in  sight  that  prevents  the  great  and 
rich  Allegheny  Valley  developing  a  condition  of  growth  and 
industrial  activity,  equal  to,  her  sister  Monongahela  Valley, 
which  is  attracting  the  attention  of  the  manufacturing  and 
commercial  world  by  a  growth  of  population  and  industrial 
activity  without  a  parallel  in  the  world's  history.  No  pre- 
venting cause  but  a  fenced- up  condition  of  the  river,  by  a 
system  of  low  bridges  with  dangerous  and  destructive  narrow 
channel  ways. 

Thanking  this  distinguished  organization  for  the  privilege 
of  taking  part  in  the  discussion  of  the  evening,  I  desii'e  to 
embrace  the  opportunity  thus  offered  to  take  a  somewhat 
broader  view  of  the  important  question  of  transportation  than 
its  local  relation  to  a  single  community,  and  briefly  consider, 
in  a  general  way,  the  best  conditions  demanded  by  river  com- 
merce as  it  now  exists.  These  required  conditions  are  deter- 
mined by  the  special  form  of  river  transportation  which  pre- 
vails on  our  rivers,  known  as  the  '^Towing  System,"  which 
consists  of  a  steamer  hitched  into  a  number  of  crafts  loaded 
with  coal,  coke,  glass,  iron,  steel  and  general  merchandise,  the 
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length  of  tows  including  steamer  being,  on  the  upper  Ohio,  six 
to  eight  hundred  (600  to  800)  feet;  on  the  lower  Ohio  and 
Mississippi  one  thousand  to  twelve  hundred  (1,000  to  1,200) 
feet.  The  length  of  a  tow  determines  the  required  width  of 
passage  way  for  the  reason  that  these  fleets  are  guided  or 
steered  at  certain  points,  by  what  is  known  in  boating  parlance 
as  '^flanking,"  that  is,  the  tow  is  placed  in  an  oblique  position 
while  the  steamer's  engines  and  wheel  are  reversed  from  a  for- 
ward to  a  backing  movement,  allowing  the  force  of  the  current 
striking  the  broad  side  of  the  fleet,  to  carry  the  mass  of  tonnage 
out  of  a  bend  or  crooked,  or  dangerous  part  of  the  river,  but 
the  moment  a  towing  fleet  is  out  of  a  parallel  position  with  the 
descending  currents,  steamer  and  tow  are  forced  towards  one 
or  the  other  side  of  the  river,  requiring  large  room  and  great 
skill  on  part  of  the  pilot  to  overcome  this  drifting  and  get  the 
tow  into  a  safe  and  manageable  condition,  and  hence  it  is  man- 
ifest that  a  very  wide  passage  way  is  an  imperious  .necessity. 
Sondetimes  from  various  causes  boat  and  tow  get  at  right  angles 
with  the  current,  or  * 'broadside,"  as  it  is  called,  and  may  drift 
for  miles  in  such  a  perilous  position.  Now  if  a  bridge  is  to  be 
passed,  it  is  very  apparent  that  unless  a  passage  way  is  wide 
enough  to  accomodate  the  tow  in  that  position,  loss  must 
occur,  and  may  involve  the  whole  tow,  amounting  to  many 
thousands  of  dollars  in  value.  In  our  contention  for  wide 
passage  ways  under  bridges  the  losses  which  have  been  sustain- 
ed by  navigators  are  unanswerable  vindication  of  the  right- 
eousness of  our  plea.  In  a  controversy  which  the  writer  had 
with  a  distinguished  engineer  of  this  organization,  it  was 
admitted  that  the  loss  to  the  commerce  of  the  Ohio  River,  by 
collisions  with  bridge  piers,  amounted  to  more  than  a  million 
of  dollars;  add  to  this  the  greater  loss  resulting  from  enforced 
tie  ups,  awaiting  daylight  to  run  the  narrow  and  insufficient 
passage  ways,  and  the  additional  cost  of  sending  a  second 
steamer  as  a  helper  in  passing  these  artificial,  dangerous  bridge 
channel  ways  on  the  upper  end  of  the  river,  and  there  sums  up 


PAPER  BY  CAPT.  JOHN  F.  DEAVO.  369 

an  aggregate  loss  of  millions  imposed  upon  the  commerce  of  a 
national  highwky  by  faulty  bridge  construction.     It  is  per- 

• 

tinent  to  inquire,  is  there  any  railway  corporation  on  earth  that 
would  tolerate  such  interference  with  their  rights  of  transit  or 
submit  to  such  intolerable  conditions?  In  the  name  of  all  that  is 
fair  and  equitable,  why  should  river  commerce  on  waters 
belonging  to  all  the  people  be  subjected  to  such  great  wrongs? 
However  just  and  pressing  the  demands  of  the  commerce 
of  the  present  for  the  unobstructed  use  of  the  waters  of  the 
Ohio  and  other  rivers,  the  demands  of  the  near  future  will 
be  vastly  more  urgent.  When  the  Panama  inter-ocean  canal 
is  completed,  the  Ohio  and  Misissippi  rivers  will  constitute  an 
inland  link  in  a  continental  waterway  reaching  the  markets  of 
the  world,  and  in  connection  with  the  rapid  increase  of  present 
trade,  it  is  certain  that  the  demands  upon  the  capacity  of  this 
far  reaching  waterway  will  be  almost  unlimited,  and  only  un- 
pardonable folly  will  be  allowed  to  block  the  way  of  such  a 
promising  future.  This  anticipated  increase  of  river  traffic  is 
justified  by  the  experience  of  the  past  and  present.  Within 
the  memory  of  the  writer  a  few  ''floaters"  or  ''broad  horns", 
lashe<l  in  pairs,  managed  by  a  crew  of  twenty-five  (2b)  men, 
carrying  a  cargo  of  forty  or  fifty  thousand  bushels,  supplied 
the  fuel  demands  from  Pittsburg  to  New  Orleans.  AVhen  the 
towing  system  displaced  the  floaters  the  cargo  of  steam  tug  and 
barges  was  not  much  in  excess  of  a  pair  of  floaters;  now  a  single 
steamer  starts  from  Pittsburg  with  a  cargo  of  five  hundred 
thousand  (500,000)  bushels  of  coal  and  from  Louisville  with  a 
cargo  of  more  than  a  million  bushels,  and  the  cargo  of  the 
steamer  "Sprague,"  now  nearing  completion,  will  be  fifty 
(50)  coal  boats  containing  over  a  million  and  a  quarter  bushels, 
a  cargo  equal  to  twenty-five  (25)  pairs  of  old-time  floaters. 
Surely  in  view  of  the  commercial  possibilities  of  this  highway 
of  water  transportation  it  is  nothing  short  of  criminal  to  inter- 
pose permanent  limitations  of  its  capabilities  either  for  present 
or  future.     Our  contention  for  a  free  and  open  river,  divested 
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of  all  artificial  limitations^  is  emphasized  with  a  force  that  mere 
words  cannot  express.  The  freight  congestion  which  has 
existed  at  this  great  industrial  center  ia  a  cause  of  prions  alarm 
to  all  who  are  interested  in  the  present  and  future  of  our  city. 
Under  existing  conditions  Pittsburg  has  reached  the  limit  of 
growth  and  as  a  manufactuing  center  has  lost  former  prestige 
owing  to  insufficient  shipping  facilities.  With  every  available 
rail  transportation  outlet  blocked  by  accumulated  freight  con- 
signments, the  enforced  shut  down  of  the  furnaces  of  the 
Mahoning  Valley  and  other  points  for  the  want  of  fuel  held 
over  at  the  mines  or  blocked  on  the  way  sidings,  the  long  con- 
tinued delays  of  merchants  and  manufacturers  in  securing  need- 
ed supplies  or  making  shipment  of  goods  sold,  it  is  manifest 
that  if  Pittsburg  is  to  grow  in  the  ratio  of  the  past,  existing 
shipping  facilities  must  at  least  be  duplicated.  Neither 
city  nor  commerce  can  continue  to  grow  under  conditions 
which  now  exist  and  have  existed  for  months.  More  railroads 
must  enter  the  city,  must  be  encouraged  instead  of  being 
embarassed  by  obstacles  interposed  by  councils  or  existing 
railway  corporations.  In  view  of  the  natural  difficulties  of  hill 
and  valley  to  be  overcome  by  new  railroads  seeking  entrance 
it  is  conspicuously  evident  that  Pittsburg's  rail  possibilities  are 
quite  limited  evenon  the  presumption  that  it  is  possible  to  secure 
wise  and  patriotic  councils,  and  railway  corporations  be  so 
divested  of  selfishness  that  they  will  cease  to  say  to  new 
comers,  ''  thus  far  and  no  farther."  Still  the  natural  environ- 
ment of  our  city  will  necessarily  limit  to  some  extent  the 
enlargement  of  railway  facilities,  what  then  ?  Is  our  city 
doomed  to  halt  in  the  race  for  industrial  supremacy  ?  Not 
necessarily,  our  rivers  constitute  the  hope .  of  the  future. 
With  obstructive  bridge  piers  which  limit  shipping  capa- 
bilities removed,  navigation  improved  by  utilizing  waters 
parsing  through  the  city's  territory,  there  will  be  no 
such  congestion  of  shipment  as  now  prevails  to  the  serious 
detriment   of  business  and  city  growth.     It  is  to  the  credit 
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and  honor  of  river  men  that  while  the  great  rail  corporations 
which  enter  city  limits  have  apparently  combined  and  are 
using  their  utmost  endeavorsto  prevent  the  entrance  of  another 
railway,  which  would  help  relieve  the  long  protracted  freight 
congestion,  river  interests  are  extending  to  the  new  comer  every 
possible  encouragement. 

Before  closing  we  venture  to  present  one  more  fact  ger- 
mane to  the  discussion,  namely,  the  marvelous  developement 
of  the  science  of  bridge  building.  In  the  early  days  of  rail- 
way bridge  construction  across  the  Ohio  river,  it  was  most 
strenuously  contended  that  a  300  foot  railway  bridge  span  was 
the  utmost  limit  for  safety,  and  so  it  came  to  pass  that  the 
Steubenville  bridge,  with  a  300  foot  span,  against  every  pos- 
sibile  protest  was  built  and  in  consequence  of  its  limitations  of 
navigable  conditions  has  caused  a  loss  to  the  commerce  of  the 
river  of  millions  of  dollars.  But  this  early  delusion  of  engi- 
neering inability  has  been  relegated  to  the  cemeteries  of  the 
past,  and  this  society  is  on  record  by  the  admission  of  one  of 
its  most  prominent  members  that  safe  spans  of  1000  feet  can 
be  built.  In  his  language  < 'money  can  do  it,"  but  better  than 
this  admission,  a  great  and  generous  railway  corporation  seek- 
ing entrance  into  this  city  is,  of  its  own  free  will,  building  a 
bridge  across  the  Mononagahela  river  with  an  800  foot  span 
reaching  from  shore  to  shore.  Encroachmekit  upon  harbor  and 
shore  lines  is  a  matter  of  serious  complaint,  causing  disastrous 
limitations  of  river  commerce.  River  harbors  are  the  termi- 
nals of  waterway  transportation,  and  are  esential  for  the  con- 
venience and  safety  of  vessels  and  cargoes.  Take  for  illustra- 
tion the  Pittsburg  harbor,  in  which,  at  certain  periods,  there  are 
moored  from  1000  to  1500  loaded  craft,  freighted  with  about 
one  million  tons  of  coal,  coke,  iron,  steel  rails,  and  general 
merchandise.  Such  a  vast  tonnage  frequently  exposed  to  storm 
and  flood,  requires  all  possible  conditions  of  safety,  and  yet 
shore  and  harbor  lines  have  been  so  disregarded  and  encroached 
upon  by  rail  and  mill  corporations  that  in  times  of  high  water 
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our  rivers  within  city  limits  become  raging  and  destructive  tor- 
rents, their  resistless  force  carrying  away  numerous  crafts  and 
the  confined  waters  overflowing  the  banks  and  destroying 
shore  homes  and  other  valuable  property.  These  deplorable 
harbor  conditions  are  so  extensive  that  great  mill  sites  and 
railway  tracks^are  located  on  fills  along  shore  lines  to  the  de- 
triment of  river  terminals  ;  in  other  words,  river  terminals  are 
destroyed  that  rail  terminals  may  be  secured. 

Against  this  highway  larceny,  this  wanton  invasion  of 
waterway  rights,  river  interests  have  maintained  a  ceaseless 
fight,  for  these  invading  and  filching  forces  never  send  flags  of 
truce,  the  success  of  one  party  only  creates  in  others  a  desire 
for  like  personal  appropriation  of  portions  of  the  public  domain. 
Every  limitation  of  river  utilities  from  Pittsburg  to  New  Orleans 
is  a  wrong  to  every  home,  every  industrial  interest  in  the  Ohio 
and  Mississippi  valleys.  When  the  limited  possibilities  of  rail 
commerce  awakens  the  dreaming  sleepers  of  our  city  to  the 
startling  fact  that  our  rivers  are  our  only  suflScient  guarantee 
of  the  future,  the  only  and  last  resort  for  such  an  extension  of 
shipping  facilities  commensurate  with  the  colossal  demands 
which  are  coming  and  will  continue  to  come  with  increasing 
volume  when  the  completion  of  the  inter-ocean  canal  links  the 
Monongahela  and  Ohio  rivers  to  an  unbroken  waterway  to  the 
worlds  markets  ;  when  business  eyes  open,  then  this  war  upon 
individual  and  national  rights  and  privileges  will  cease. 

In  closing  I  submit  that  in  view  of  existing  freight  con- 
gestions, the  confessed  inability  of  railway  management  to 
afford  relief,  that  it  would  be  the  crowning  act  of  human  folly 
to  allow  bridge  and  other  corporations  to  continue  the  limita- 
tion of  the  shipping  facilities  of  our  rivers  and  the  consequent 
limitation  of  the  city's  growth  and  prosperity. 
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ALLEGHENY  TRACK  ELEVATION. 

MR.   H.   8.  WILGU8, 
Engineer  in  Charge  of  Work. 

With  only  two  tracks  to  handle  the  local  passenger  traffic 
out  of  the  Federal  Street  Station,  Allegheny,  the  heavy  through 
passenger  and  freight  traffic  from  Pittsburg,  the  West  Penn 
through  freight  and  local  freight  for  the  depots  in  Pittsburg, 
and  at  the  same  time  contending  with  the  heavy  travel  on  the 
Allegheny  streets,  operation  of  trains  has  not  only  been  slow 
but  dangerous.  Across  Marion  avenue  there  have  been  as 
high  as  4:50  train  movements  in  one  day.  With  a  27-lever 
machine  (44  throws)  at  this  point  to  govern  signals  and  inter- 
locking, there  were  recorded  in  one  day  3,403  lever  throws ; 
since  then  this  number  has  been  greatly  increased. 

To  take  care  of  this  constantly  increasing  traffic  and  to 
eliminate  grade  crossings,  the  elevation  of  the  tracks  has 
become  a  necessity. 

The  first  step  in  this  direction  was  the  building  on  a  high 
level  of  the  Union  Station,  Pittsburg.  This  gives  in  Pitts- 
burg overhead  crossings  at  Liberty  avenue,  Eleventh  street 
and  Penn  avenue,  three  streets  constantly  congested  with 
street  traffic,  and  overhead  crossings  through  Allegheny. 

The  general  plan  of  work  is  as  follows  : 

The  track  elevation  provides  for  four  tracks,  with  the 
exception  of  a  short  distance  from  the  Union  Station  to  the 
river  bridge,  whore  there  are  two.  The  new  river  bridge 
provides  for  four  tracks,  two  each  on  the  high  and  low  level. 
These  two  levels  meet  at  Anderson  street,  Allegheny,  and  con- 
tinue from  there  west  on  the  same  level.  The  two  high  level 
tracks  take  care  of  the  through  freight  and  passenger  traffic 
from  Pittsburgh ;  the  two  low  level  tracks  of  the  local  Pitts- 
burg freight  business,  including  connections  with  the  Alle- 
gheny Valley  and  Pittsburg  Junction  Railroads. 
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Thus  far  no  definite  plans  have  been  determined  upon  for 
the  West  Penn  passenger  terminals  in  Allegheny.     Their  plans, 
etc.,  for  their  track  elevation  have  not  been  fully  developed. 
Temporarily  their  trains  will  stop  at  Chestnut  street,  Alle- 
gheny. 

The  present  terminal  facilities  for  the  immense  local  pas- 
senger traffic  out  of  Allegheny  will  be  greatly  improved,  but 
the  general  layout  of  yard  tracks  will  be  about  the  same. 
The  double  slip  switch  at  Marion  avenue  will  be  moved  fur- 
ther west  and  a  series  of  crossovers  put  in,  connecting  the 
four  tracks  and  the  one  leading  to  the  passenger  yards  and 

depot. 

CURVES. 

The  location  of  the  work  is  such  as  to  require  heavy 
curvature,  the  heaviest  one  being  12  degrees  44  minutes  on 
the  main  track  at  Penn  avenue,  Pittsburg.  Out  of  a  total 
length  of  7,200  feet  of  track,  33  per  cent,  is  curvature.  At 
the  west  end  of  the  river  bridge  the  tracks  turn  fo  the  west 
on  a  9-degree  and  2-minute  curve  ;  at  Federal  street  the  track 
compounds  from  3  degrees  43  minutes  to  7  degrees  48  min- 
utes. The  sharpest  curve  is  28  degrees  on  the  C.  &  P., 
where  it  passes  under  the  Ft.  Wayne  tracks,  east  of  the  river 
bridge,  in  Pittsburg.  A  23-degree  curve  on  a  trestle  pro- 
vides track  facilities  for  the  Westinghouse  Manufacturing 
Company  in  Allegheny. 

GRA.DES. 

The  general  layout  is  such  that  heavy  grades  for  short  dis- 
tances are  a  necessity.  The  high  level  tracks  from  the  Union 
Station  to  the  east  end  of  the  river  bridge  ascends  on  0.491 
per  cent,  grade.  The  high  level  tracks  descend  on  a  0.5  per 
cent,  grade,  and  the  low  level  ascend  on  a  1.46  and  1.09  per 
cent,  grade  from  the  north  end  of  the  river  bridge  and  termi- 
nating at  Anderson  street.  From  Anderson  street  west  to 
Marion  avenue  the  grade  is  minus  0.3664  per  cent.  The  lad- 
der and  rounds  at  the  Ft.  Wayne  Station,  Allegheny,  are  all 
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on  a  0.927  per  cent,  grade.  The  side  track  for  the  Westing- 
house  Manufacturing  Company  is  a  minus  3. 5  per  cent,  grade. 
Street  grades  are  also  changed.  Anderson  street  is 
lowered  to  a  3.74  per  cent,  and  Fedei-al  street  to  0.74  per  cent. 
The  north  approach  of  Marion  avenue  is  a  minus  8. 5  per  cent, 
grade  for  240  feet,  changing  to  0.109  per  cent,  a  tew  feet 
north  of  the  bridge  and  continuing  on  that  grade  to  Martin 
street. 

BRIDGES. 

This  is  a  work  essentially  of  bridges.  In  a  total  length  of 
6,200  feet  of  elevation,  40  per  cent,  is  bridge  work. 

Following  is  a  general  outline  of  these  structures  : 

Liberty  street,  two-track  skew  through  solid  floor  plate 
girder  ;  completed. 

Eleventh  street,  two-track  skew  through  solid  floor  plate 
girder,  with  uneven  girder  lengths,  the  larger  one  having  one 
supporting  column  at  the  curb  line  ;  completed. 

Penn  avenue,  two-track  skew  solid  floor  plate  girder, 
with  supporting  columns  at  the  curb  line  ;  completed. 

Viaduct,  Penn  avenue  to  the  river,  Pittsburg ;  aver- 
age height,  15  feet ;  average  distance  between  bents,  35 
feet ;  distance  between  columns,  18  feet.  Double  track. 
Partly  built  on  a  12-degree  44-minute  and  a  2-degree  34- 
minute  curve.  Eight  hundi'ed  feet  long.  Pedestals  finished. 
Duquesne  way  arch.  Bight  arch  30-foot  span  ;  rises  7  feet 
length.  One  end  on  a  false  skew.  Completed.  Two  hun- 
dred and  fifty  feet  long.  ' 

C.  &  P.  and  P.  J.  R.  R.,  three-track  deck;  solid  floor, 
buckle  plate  construction.     One-half  completed. 

Allegheny  river  bridge:  Fully  described  by  Mr.  E.  A. 
Amaden. 

Viaduct  at  the  west  end  of  the  river  bridge,  180  feet 
long  ;  two-track,  with  sidewalk  below ;  bents,  35  feet,  center 
to  center. 

At  Robinson  street  is  a  32-foot  abutment,  marking  the 
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end  of  the  viaduct  and  the  beginning  of  the  track  elevation 
proper,  one  end  of  which  joins  onto  the  concrete  wall,  sepa- 
rating the  high  and  low  level  tracks. 

Lacock  street,  two  brick  arches,  high  and  low  level,  each 
on  a  skew  of  53  degrees  19  minutes. 

Low  level:  Direct  span,  40  feet;  oblique  span,  49.88; 
rise,  7  feet;  radius,  32.07  feet;  length,  49.57  feet;  31  stone 
arch  ring  face  voussoirs,  1  foot  8  inches  wide  and  3  feet  high. 
Brick  lined.  Corner  impost  stone,  in  rough,  weighs  45,000 
lbs.     Now  being  built. 

High  level:  Direct  span,  40  feet;  oblique  span,  49.88  ; 
rise,  17.5  feet;  radius,  21.56  feet;  length,  51.12  feet;  stone 
facing,  brick  interior.  Work  not  commenced.  The  high 
level  arch  overlaps  the  low  level  arch  four  feet.  An  unique 
feature  of  the  high  level  arch  is  the  9-degree  2-minute  curve  of 
the  west  face  overhanging  the  low  arch. 

Anderson  street,  four-track,  60  feet  right  span ;  solid 
floor  plate  girder,  with  four  pedestals  at  each  curb  line  ; 
girders  6^  feet.     Foundation  finished. 

Sandusky  street,  four-track,  60  feet  clear  span  through 
solid  floor  plate  girder.  The  west  abutment  provides  for 
three  stairs,  the  stone  steps  of  which  rest  on  concrete  risers. 
Foundation  finished. 

Federal  street,  four-track,  with  three  wide  platforms  ;  80 
feet  solid  floor  plate  girder,  with  five  pedestals  at  each  curb  line. 
The  west  abutment  is  100  feet  6  inches  west  of  the  west  street 
line,  the  interval  being  spanned  with  a  viaduct.  Beneath  the 
viaduct  will  be  located  the  entrance  to  waiting  room  and  a  sub- 
cellar.  In  the  west  abutment  is  a  baggage  lift  for  conveying 
baggage  from  the  floor  level  to  the  platform  for  the  west- 
bound trains  on  No.  4  track.  Pedestals,  walls  and  one-half 
of  the  west  abutment  completed. 

Marion  avenue  sub-way,  six-track,  '46  feet  direct  span  on 
a  46-degree  17-minute  skew.  Solid  floor  plate  girder,  with 
pedestals  at  the  east  curb  line  ;  25-foot  roadway  and  10-foot 
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walk  ;  quarry  faced  abutment,  with  north  wing  wall  252  feet 
long,  coping  of  which  is  on  a  4.72  per  cent,  grade,  while 
south  wing  wall  coping  descends  on  a  9.5  per  cent,  and  the 
street  on  a  0.109  per  cent,  grade.  East  abutment  and  wing 
walls  completed.  In  the  excavation  for  the  sub- way  trouble 
was  experienced  with  three  or  four  sewers,  water  and  gas 
mains. 

Marburg  street,  71  feet  overhead  foot-bridge  on  slight 
skew.     Work  underway. 

Ridge  avenue,  71  feet  overhead  highway  on  slight  skew. 
Work  not  begun. 

Half  way  between  Federal  street  and  Marion  avenue  is  a 
tunnel  extending  from  north  of  the  tracks  to  midway  between 
tracks  Nos.  2  and  3,  40  feet  in  length  and  10  feet  span.  At 
the  north  and  south  ends  are  baggage  lifts  and  stairs. 
Foundations  completed. 

MEl^HOD  OF  CONSTRUCTION. 

At  this  stage  of  the  work,  three-quarters  done,  not  a 
train  has  been  delayed  a  single  minute. 

The  general  method  has  been  to  build  the  south  wall  and 
part  of  the  abutments  so  as  to  allow  the  elevating  of  the  two 
southmost  tracks.  Much  cribbing  and  filling  is  going  on,  and 
trestle  work,  except  over  the  cellar  west  of  Federal  street, 
Sandusky  street  and  Anderson  street,  may  be  unnecessary. 

From  the  end  of  the  finished  work  at  Penn  avenue,  Pitts- 
burg, to  the  old  river  bridge  a  temporary  double-track  trestle, 
with  separate  lapping  bents,  has  been  built  on  a  2.6  per  cent, 
grade.  The  separate  bents  are  used  in  order  that  one  may  be 
torn  down  without  disturbing  the  other,  thus  allowing  the  con- 
struction of  one-half  of  the  final  viaduct. 

Two  temporary  trestles  have  been  erected  over  Marion 
avenue,  one  being  for  the  Westinghouse  track  and  the  other 
for  the  dumping  track.     The  trestle  over  Anderson  street  is  so 
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built  with  pony  posts  and  pony  batter  posts  as  to  allow  the 
erection  of  the  girders  without  disturbing  the  trestle. 

The  old  double  lattice  girder  bridge  over  the  Allegheny 
river  was  moved  43  feet  at  one  end  and  22  feet  at  the  other 
on  April  13,  1902.  For  further  information  see  the  "Kail- 
way  and  Engineering  Review,"  May  3,  3902. 

The  old  through  plate  girder  bridge  over  Lacock  street 
was  changed  to  trestle  and  the  old  bridge  taken  out  without 
delay  to  trains.  This  was  done  in  order  that  the  low  arch 
might  first  be  completed. 

At  Federal  street  temporary  platforms,  stairs  and  bag- 
gage lift  will  be  constructed  after  the  traffic  is  thrown  onto  the 
elevated  tracks,  Nos.  3  and  4.  After  tracks  3  and  4  are  laid 
and  the  old  track  abandoned,  the  remainder  of  the  work  will 
be  completed. 

WALLS. 

In  a  total  length  of  6,100  feet  of  wall,  only  25  per  cent 
is  tangent,  the  curves  ranging  from  3  degrees  43  minutes  to  27 
degrees.  The  first  wall  built  was  proportioned  as  follows :  the 
width  of  the  base  was  made  0.4  of  the  height  of  the  neat 
work,  the  top  2  feet  6  inches  wide,  vertical  face,  and  rear  a 
straight  line  connecting  the  top  and  bottom.  Later,  instead 
of  the  back  being  straight,  it  was  stepped.  The  last  method  is 
as  follows  :  Call  the  height  of  wall  from  top  of  foundation  to 
under  coping  ^'h";  then  width  of  base  equals  0.45  (h+3), 
the  top  remaining  2  feet  6  inches.  The  rear  is  arranged  in 
steps  24  inches,  30  inches  or  36  inches  high.  The  thickness 
of  wall  at  each  step  is  made  equal  to  (h-f3), — (height  of  step 
from  base),  X  0.45. 

CONCRETE. 

All  masonry,  with  the  exception  of  coping  and  abut- 
ments, is  concrete.  Because  of  congested  traffic,  lack  of  cars 
and  expense  in  obtaining  crushed  stone,  gravel  is  used  for  con- 
crete work  throughout.     From  experience  with  gravel  concrete 
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in  river  pier  foundations  and  core  work  and  in  retaining  walls, 
gravel  is  found  to  give  as  good  results  as  crushed  stone.  The 
company  furnishes  the  cement.  A  great  many  brands  of  Port- 
land and  two  of  natural  cement  have  been  used  with  varying 
results.  Concrete  is  mixed  fairly  wet.  Too  wet  a  mixture 
causes  great  shrinkage  in  the  form,  resulting  in  bad  face  laps. 
Dry  concrete  is  better  for  neat  work.  Natural  cement  is  used 
in  the  ratio  of  1:2:5;  Portland  1:3:6. 

METHOD  OF  MIXING. 

The  sand  and  gravel  are  measured  in  wheelbarrows  and 
wheeled  onto  the  platform ;  the  sand  and  cement  are  spread 
in  thin  layers,  one  over  the  other,  and  thoroughly  dry 
mixed,  the  gravel  then  spread  over  the  mixture,  the  whole 
sprinkled  and  turned  three  times,  shoveled  into  barrows  or 
the  pit,  again  shoveled  into  place  and  rammed. 

MACHINE  MIXING  (CUBICAL  BOX). 

A  box  holding  1^  yards  is  graduated  so  as  to  give  the 
cori*ect  ratio  between  sand  and  gravel.  Gravel  and  sand  are 
shoveled  into  the  box  to  their  respective  points,  cement  placed 
on  top  and  the  box  hoisted  to  the  top  of  the  mixer  and  dumped. 
A  barrel  holding  the  correct  amount  of  water  is  emptied  into 
the  cubical  box  and  the  box  then  turned  10  or  15  times 
and  emptied  into  cars. 

Concrete  is  laid  in  8 -inch  courses.  For  neat  work  a  skin 
of  mortar,  1 :  2  Portland,  is  employed  ;  boards  8  inches  high, 
with  handles,  serve  for  separating  the  concrete  from  the  form 
while  the  skin  is  being  placed.  The  form  is  made  of  2-inch 
planed  white  pine,  the  rough  edges  being  jack  planed.  '  Soft 
soap  is  applied  to  the  face  of  the  forms.  After  the  forms  are 
torn  down,  board-laps  and  other  defects  are  removed  and  a 
coat  of  neat  Portland  wash  applied. 

Several  forms  of  expansion  joints  have  been  tried.  The 
first  was  tarred  paper,  extending  through  the  wall  every  50 
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feet.  The  second  was  ^-inch  board  runnlDg  through  the  wall 
every  50  feet.  The  third  is  ^-inch  board  extending  2  feet 
into  the  wall,  with  ^-inch  cove  at  the  angles,  the  idea  being 
that  the  interior  remains  at  a  constant  temperature,  the  face 
alone  expanding  and  contracting.  These  are  now  being  used 
every  25  feet  and  give  perfect  satisfaction.  Four-inch  tile 
weep  holes  are  placed  25  feet  and  as  near  the  foundation  as 
possible.  The  back  of  the  wall  is  graveled  18  inches  wide 
from  top  to  bottom. 

COST. 

This  piece  of  work  allows  a  good  comparison  between 
machine  and  hand-mixed  concrete.  One  contractor  uses  the 
cubical  box  mixer  exclusively,  while  the  other  uses  the  hand- 
mixed  concrete  exclusively. 


COST  OF  MIXING. 
Hand. 

1  foreman  at  3.00,  } 1.50 

3  men  wheeling  barrows at  1.50  4.50 

10    ''           \      G.  S.  &  C at  1.50  15.00 

3    **    mixing  sand  and  G at  1.50  4.50 

6    "        "        concrete.. at  1.50  9.00 

1    **    sprinkling at  1.50  1.50 


$36.00 


Number  yards  per  day,  60. 
Cost  per  yard,  60c. 

Mixer. 

1  foreman 3.50 

]  stationary  engineer 3.00 

1  fireman at  1.75,  } 87 

15  men  loading  backets  with  raw  material at  1. 60     22. 60 

2  men  dumping  buckets  of  raw  material at  1.75     3.50 

2Tagmen  at  2.00,  } 2.00 

1  man  at  trap  door at  2.00,  i 1.00 

136.37 
Number  yards  mixed  per  day,  100. 

Cost  per  yard,  36c. 
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COST  OF  PLACING  CONCRETE  IN  FORMS  ABOVE  FOUNDATION. 

By  Hi^ND  (Barrows)  below  12  feet. 

4  men  loading  concrete at  1.50     6.00 

1  foreman at  3.00,  } 1.50 

10  men  wheeling at  1.50     15.00 

1  man  scraping  barrows 1.50 

2  men  placing  concrete 3.00 

1  man  placing  skin.. 1.50 

2  men  mixing  and  carrying  mortar 3.00 

Number  of  yards  per  day,  60.  $31.50 

Cost  per  yard,  53c. 

(Work  above  12  feet  costs  a  little  more.) 

By  cars  and  derricks,  any  height. 

1  horse  and  driver 3.00 

2  men  damping  concrete at  1.50,  i 1.50 

1  fireman at  1.75,  i 88 

3  tagmen 4.50 

8  men  placing  and  ramming  concrete 12.00 

2  men  mixing  skin  ^ 

2    '♦      placing    **     V at  1.50     9.00 

2    "    carrying    **    J 

1  foreman 3.00 

1  stationary  engineer 3.00 

2  men  attaching  hook 3.00 

Number  yards  per  day,  100.  $39.88 

Cost  per  yard,  40c. 

FOUNDATION  CONCRETE. 
Hand  Mixed. 

1  foreman at  $3.00,  } $  1.50 

4  men  shoveling  concrete 6.00 

1  man  placing  concrete 1.50 

1  man  ramming  concrete 1.50 

Number  of  yards,  60.  $10.50 

Cost  per  yard,  17c. 

Machine  Mixed. 

1  horse  and  driver $  3.00 

3  men  pushing  car  and  unloading 4it  $1.50 4.50 

5  men  placing  and  ramming 7.50 

1  foreman 3.00 

2  men  dumping  mixer 3.00 

Number  of  yards,  100.  $21.00 

Cost  per  yard,  21c. 
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TOTAL  COST  OF  CONCRETE. 

in  fobms  above  foundation. 
Hand.  Machinb. 

$  .60 Cost  of  mixing... $  .36 

.63 Cost  of  placing 40 

$1.13 ..Total I  .76 

foundation  goncrktb. 
Hand.  Machine. 

$  .60 Cost  of  mixing $  .36 

.17 Cost  of  pladng 21 


$  .77 -...Total $  .b7 

For  foundation  work,  the  placing  of  concrete  by  band 
mixing  is  cheaper  than  machine  mixed,  for  the  reason  that  the 
mixing  platform  is  placed  astride  the  pit,  and  the  concrete 
shoveled  directly  into  place.  On  the  other  hand,  with  ma- 
chine mixed  means  must  be  taken  for  disposing  of  the 
batches.  It  must  also  be  understood  that  the  amount  of  capi- 
tal invested  in  a  machine  mixer  (engine  and  boiler,  hoist,  con- 
crete mixer,  etc. )  is  about  100  per  cent,  greater  than  in  hand 
mixing.  At  the  same  time,  however,  every  large  contractor 
has  such  machines  on  hand,  and  there  is  really  no  additional 
cost,  except  for  moving,  wear  and  tear,  etc. 

Work  was  begun  on  the  Allegheny  track  elevation  in  the 
fore  part  of  1902  ;  the  work  is  now  three-fourths  completed. 
The  date  of  completion  is  entirely  problematical;  many 
delays  of  various  kinds  greatly  hinder  the  progress.  If  the 
work  could  be  energetically  prosecuted  from  now  on,  it  could 
be  completed  in  the  coming  early  spring.  Contemplated 
changes  may  defer  the  date  of  completion  several  months. 
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WKITTEN  CONTRIBUTION  TO  THE  PROCEEDINGS. 

BY  THOMAS  P.   BOBEBTS,  G.  E. 

Pittsburg  is  the  first  great  city  of  the  world  which  has 
gotten  into  the  predicament  of  being  unable  to  spread  its  com- 
mercial wings  comfortably;  which  trouble  has  been  brought 
about  by  the  environment  of  hills  which  rigidily  restricts  the 
number  of  railroad  tracks  which  can  be  extended  into  the  city. 
The  railroad  companies  are  anxiously  looking  along  their  lines 
inquiring  how  many  more  buildings  and  shops  they  must  tear 
down  for  additional  side  and  main  tracks,  and  there  seems  to 
be  no  limit  to  the  amount  they  will  pay,  in  order  to  lay  four 
main  tracks  with  a  main  switching  track  on  each  side,  or  a  six 
track  way  along  our  rivers  and  through  the  densely  crowded 
manufacturing  precincts.  The  vast  expenditures  they  are  mak- 
ing will  no  doubt  enable  them  to  meet  the  existing  demands 
much  better  but  it  cannot  be  gainsaid  that  the  end  of  possible 
development  by  this  means  is  in  sight. 

In  this  situation  of  affairs  any  project  promising  relief 
should  be  welcomed  not  only  by  our  shippers,  but  by  the 
railroad  companies  as  well.  The  stories  of  the  * 'freight  con- 
gestions" about  Pittsburg  and  the  furnaces  in  the  Shenango 
valley  closing  down  on  account  of  the  railways  not  keeping 
them  supplied  with  coke,  are  not  good  things  to  hear  said  of 
us;  yet  if  they  are  true  now  while  a  number  of  our  furnaces 
are  being  built,  and  great  steel  works  going  up  along  our 
rivers,  what  may  be  the  situation  of  our  western  coke  custom- 
ers a  year  or  two  hence  with  these  new  home  demands  to  be 
supplied  ? 

The  friends  of  waterway  transportation  at  this  time  invite 
the  particular  attention  of  the  railroad  companies  and  the 
manufacturers  to  the  possibilities  of  our  rivers,  which,  in  the 
vicinity  of  Pittsburg,   thanks  to  the  wisdom  and  liberality  of 
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Congress,  is  being  put  in  such  a  state  of  efficiency  as  to  prom- 
ise in  the  near  future  a  perennial  navigation  for  boats  of  9  feet 
draft  capacity  from  1000  to  2500  tons,  if  so  desired. 

It  is  not  necessary  to  go  into  details  of  relative  cost  of 
transportation;  that  the  river  rates  for  short,  as  well  as  for 
long  distances,  are  considerably  less  than  the  rail  charges  on 
coal  and  other  bulky  products,  is  well  known,  or  should  be  well 
known. 

Last  winter  one  of  the  locks  on  the  Monongahela  river 
was  closed  for  several  weeks  for  repairs,  during  a  time  when 
the  heavest  ice  ever  known  to  form  considerably  retarded  the 
movement  of  boats  through  the  other  lock  which  was  kept  open. 
One  firm  using  nearly  40,000  tons  of  fuel  per  week  supplied 
by  river,  feeling  somewhat  alarmed  as  to  their  ability  to  keep 
up  the  supply,  appealed  to  the  railroad  companies  for  assist- 
ance, if  needed.  The  firm  would  have  liked  to  have  arranged 
for  at  least  a  train  load  of  coal  per  diem,  but  not  a  single  car 
load  could  be  promised  them,  owing  to  the  ''freight  conges- 
tion"— or  railroad  dyspepsia,  the  result  of  over  indulgence  in 
freight  feeding. 

Last  winter  it  was  shown  that  it  was  practicable  to  navi- 
gate the  river  regularly  through  ice  12  inches  thick,  so  that 
the  danger  of  f  reeze-ups  maj'  be  considered  as  eliminated  here- 
after on  the  Monongahela.  As  for  ''dry-ups,"  with  the  Davis 
Island  dam  converted  into  a  permanent  structure,  as  it  should 
be,  there  would  be  always,  say  9  to  10  feet  navigation  in  the 
harbor. 

I  am  reminded  by  last  winter's  experience  with  ice  gorges 
on  the  Allegheny  above  the  city  limits,  where  at  present  there 
is  no  navigation,  that  we  had  a  very  narrow  escape  from  a  seri- 
ous disaster.  The  danger  from  break-ups  of  the  gorges  is  great- 
ly increased  by  the  number  of  bridge  piers  and  low  structures 
which  span  the  river.  Had  the  break-up  of  March  last  been 
attended  by  even  a  moderate  rain  storm,  the  temporary  jam.- 
ming  of  the  ice  would  have  created  wave  crests  which  would 
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have  swept  down  the  streets  of  the  city  from  hiIl»to  hill,  doing 
incalculable  damage.  If  the  Allegheny  river  was  made  navi- 
gable for  even  15  to  20  miles  above  city,  the  steamers  could  be 
depended  upon  to  break  up  the  ice,  and  keep  the  channel  open, 
as  they  do  now  on  the  Monongahela.       But  it  cannot  be  too 

sharply   emphasized   that  the  Allegheny  will  not  be  in    the 

« 

proper  sense  a  navigable  stream  as  long  as  the  bridges  are  too 
low  for  boats  to  pass  beneath  them  during  the  winter  months  of 
comparatively  high  water,  as  well  as  during  the  low  water 
period  of  summer. 

It  seems,  therefore,  in  conjunction  with  the  possibility  of 
our  rivers  relieving  the  railroad  companies  of  much  traffic 
which  the  latter  must  pay  very  dear  prices  for  track  room  to 
accommodate,  they  give  promise  of  enlarging  the  territory  for 
the  building  of  new  manufacturing  establishments,  and  thereby 
furnishing  more  business  in  finished  products  to  the  railroads. 
In  France  and  Germany  the  enlargement  of  the  waterways  has 
always  been  followed  by  increased  earnings  for  the  railways, 
and  the  same  thing  will  prove  true  in  America. 

Of  course,  if  water  transportation  is  a  good  thing  even  for 
short  distances  about  the  Pittsburg  harbor,  it  is  a  good  thing 
for  longer  distances,  even  to  Cairo,  New  Orleans  and  the  Pan- 
ama canal.  I  may  be  pardoned  for  saying  that  I  have  never 
failed  to  observe  the  unanimity  of  feeling  in  Pittsburg  regard- 
ing canals  at  Panama,  at  Suez,  at  St.  Marys  Falls,  but  when 
any  one  suggests  a  canal  to  connect  the  Ohio  river  with  Lake 
Erie,  every  one  looks  askance. 

More  money  is,  of  course,  made  by  charging  a  dollar  a 
ton  on  freight  from  Pittsburg  to  the  lakes  by  rail  than  would 
accrue  to  a  canal,  which  would  charge  only  25  cents  a  ton  for 
the  same  work.  Perhaps  the  day  is  not  far  distant  when  the 
producers  of  freight  in  this  district  will  realize  the  importance 
of  giving  the  possibilities  of  waterway  transportation  the  atten- 
tion which  it  deserves. 

It  would  pay  our  jaded  hardworked  railroad  companies  to 
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urge  the  completion  of  the  canal  to  Lake  Erie  at  the  earliest 
possible  date,  provided  they  really  are  in  earnest  in  their  re- 
gard for  Pittsburg's  future  welfare.  This  idea  is  urged  seri- 
ously in  belief  that  what  the  railways  would  lose  in  transpor- 
tation of  articles  of  low  intrinsic  value,  they  would  more  than 
recover  in  their  passenger  and  high  class  freight  receipts. 
Greater  Pittsburg  must  cease  to  expand  beyond  the  1,000,000 
mark  of  population,  if  it  is  to  depend  solely  upon  the  railways 
for  an  outlet  to  the  world's  markets.  With  her  waterways 
developed  in  conjunction  with  the  railways  there  is  no  reason 
to  doubt  that  some  decades  hence  Allegheny  County  will  em- 
brace a  population  of  2,000,000,  or  more. 

DISCUSSION. 

Mr.  Johnson. — My  friend  Capt.  Sibert  intimated  that  he 
thought  I  had  an  elevated  railroad  somewhere  up  my  sleeve, 
and  I  wish  to  disclaim  any  such  charge.  I  have  no  knowledge 
of  such  a  scheme. 

Capt.  Dravo  in  his  remarks  referred  to  the  great  losses 
sustained  by  the  river  men,  every  year  by  reason  of  collisions 
with  bridge  piers,  but  I  think  he  largely  overestimated  the 
frequency  and  extent  of  loss  by  reason  of  this  class  of  acci- 
dents. I  recall  reading  in  the  daily  papers,  duiing  the  past 
year  accounts  of  numerous  accidents  to  tows,  but  I  fail  to  re- 
call  that  any  one  of  them  occurred  from  collision  with  bridge 
piers.  In  nearly  every  one  they  were  due  to  the  excessively 
large  and  unmanageable  tows  getting  aground  on  bars  or  run- 
ning into  the  bank  when  rounding  bends. 

1  venture  to  -say  that  all  the  wrecks  which  occur  between 
Pittsburg  and  Cincinnati,  by  far  the  larger  proportion  occur 
at  points  where  there  are  no  bridges. 

Capt.  Dravo  also  laid  great  stress  on  the  statement  that 
boats  with  tows  could  not  run  these  bridges  at  night,  but  had 
to  tie  up  and  wait  for  daylight.  A  few  years  ago  at  a  hearing 
before  the  Board  of  U.  S.  Engineers,  held  in  this  city,  an  em- 
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ployee  of  one  of  the  tow  boats  was  on  the  witness  stand  and 
testified  that  his  boat  always  tied  up  above  the  Steabenville 
bridge  and  waited  until  morning.  Being  asked  ^<why"  he 
answered,  O,  our  pilot  had  a  girl  in  that  town  and  wanted  to 
to  stay  all  night. 

Mr.  Trimble. — 1  do  not  believe  I  have  very  much  to 
add  to  the  discussion.  Not  being  possessed  with  the  elo. 
quence  of  Capt.  Dravo,  I  do  not  think  the  Society  at  this 
4a te  hour  would  care  to  hear  very  much  from  me. 

Following  Mr.  Johnson's  remarks  in  regard  to  the  pierce 
of  the  railroad  bridges  being  an  obstruction  and  the  cause  of 
accidents,  I  would  state  that  at  two  different  times  during 
the  past  year  accidents  were  caused  at  Davis  Island  Dam, 
and  I  presume  on  account  of  the  dam  being  an  obstruction  to 
the  natural  waterway,  as  Mr.  Johnson  says  all  the  accidents 
that  occur  on  the  river  cannot  be  charged  to  the  railroad 
bridge  piers. 

Mr.  Atwood — I  have  little  to  add  to  the  discussion  from 
a  railroad  standpoint.  Capt.  Dravo's  points  are  good. 
What  is  good  for  the  community  is  good  for  the  railroads. 

Mr.  Wendt — My  opinion  on  this  broad  question  is  as 
follows: — 

1.  The  industrial  development  of  the  Monongahela, 
Allegheny,  Ohio  and  Beaver  Valleys  is  proceeding  at  such  a 
rate  as  to  make  it  absolutely  necessary  to  establish  harbor  lines 
throughout  the  entire  Pittsburgh  district. 

2.  In  establishing  harbor  lines  the  Government  should 
keep  in  mind  that  the  interests  of  both  the  river  and  the  abutt- 
ing property  holders  should  be  carefully  considered  so  that 
each  party  may  derive  the  maximum  benefit. 

What  I  mean  is  this — there  are  certain  points  along  the 
rivers  where  the  establishment  of  harbor  lines  may  absolutely 
prohibit  that  industrial  development  which  is  so  necessary^ 
especially  in  the  case  of  railroads  which  find  it  necessary  to 
build  third  and  fourth  tracks  in  connection  with  switching 
leads. 
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A  proper  appreciation  of  the  interests  of  both  the  river 
and  the  railroad  at  these  close  points  will,  I  think,  result  in  a 
definition  of  harl)or  lines  to  the  satisfaction  of  both  parties. 

3.  In  establishing  harbor  lines  such  a  width  of  river 
should  be  allowed  as  will  safely  carry  off  the  maximum  amount 
of  water  during  such  floods  as  we  experienced  last  winter. 

4.  Harbor  lines  when  once  established  should  be  main- 
tained and  such  a  system  of  inspection  should  be  inaugurated 
as  will  fully  protect  the  interests  of  all  parties. 

5.  The  entire  question  should  be  approached  and  consid- 
ered from  the  standpoint  of  the  interests  of  the  general  public 
rather  than  from  the  standpoint  ol  the  interests  of  any  partic- 
ular class. 

Mr.  Whited — There  is  one  point  to  which  I  would  like 
to  call  your  attention  with  regard  to  raising  the  bridges  cross- 
ing the  Allegheny  River.  There  are  in  the  neighborhood  of 
200,000  people  living  on  the  north  side  of  that  river,  and  in  a 
few  years  there  will  be  200,000  more,  and  it  seems  to  me  that 
ready  communication  between  the  people  on  the  two  sides  of 
the  river  should  be  the  primary  consideration.  It  seems 
strange  that  no  means  can  be  derived  by  which,  whatever  nav- 
igation may  be  required,  can  be  carried  on  without  hindering 
traffic  between  the  two  sides  of  the  river.  There  are  low 
bridges  in  other  cities,  and  a  very  considerable  traffic  passes 
under  them.     Why  cannot  it  be  done  as  well  in  Pittsburg? 

The  traffic  over  the  bridges  is  so  vastly  greater  than  that 
under  them  is  or  can  be,  that  it  seems  to  me  to  be  of  promi- 
nent importance. 

There  is  some  misunderstanding  in  certain  quarters  regard- 
ing the  position  of  low  and  high  water  work  in  establishing 
jurisdiction  over  navigable  waters.  This  is  a  point  of  the 
common  law  that  was  established  in  England  where  practically 
all  navigable  waters  are  tidal,  and  even  there  it  extends  only 
to  ordinary  high  and  low  tides  not  to  the  extreme  tides.  The 
same  rule  applies  in  the  case  of  rivers  that  are  subject  to 
occasional  floods. 
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Mr.  Davison — I  believe  that  the  stern  wheel  boat,  as 
used  on  our  local  rivers,  is  the  best  designed  craft  for  the  pur- 
pose. Fortunately  the  loaded  craft  goes  with  the  flow  of  the 
stream,  and  the  empty  craft,  which  in  weight  bears  but  a  small 
relation  to  the  former,  only  need  be  lowed  against  the  current. 
This  is  an  entirely  different  condition  from  what  exists  about 
lake  and  coast  harbors,  where  a  comparatively  small  tonnage 
per  steam  vessel  is  handled  in  any  and  all  directions  under  the 
conditions  of  no  current,  except  possibly  that  due  to  tides. 
The  propelling  vessel,  for  its  weight,  occupies  a  comparatively 
small  space  horizontally,  rides  deep  in  the  water,  and  with 
a  rapidly  taming  screw  situated  well  under  water,  displays 
considerable  power  while  at  work.  Its  height  out  of  water  is 
small  in  comparison  with  our  steam  boats,  and  if  they  could 
be  used  about  our  harbor  instead  of  the  latter,  the  question  of 
raising  our  bridges  need  not  be  considered.  But  their  short 
length  is  to  their  great  disadvantage,  and  while  they  might 
hold  their  own  with  the  stern  wheeler  in  towing  up  stream,  it 
is  not  the  force  for  towing  alone  that  is  needed  for  down  stream 
work,  but  a  boat  of  light  draft,  with  a  large  horizontal  section, 
that  can,  when  tightly  lashed  to  a  large  loaded  fleet,  act  simply 
as  the  steering  apparatus.  That  kind  of  a  vessel  can  tow  back 
atout  as  many  empty  boats  as  it  handled  loaded  ones  down 
stream. 

Now  while  I  believe  we  have  the  best  designed  hull  and 
machinery,  I  am  questioning  whether  something  could  not  be 
done  in  the  architecture  of  the  upper  deck  and  the  pilot  houses, 
so  that  they  would  not  take  up  so  much  room  vertically.  If 
this  could  be  done,  certainly  a  few  feet  could  be  saved,  possibly 
one-half  that  Gapt.  Sibert  expects  to  gain  by  raising  the 
bridges.  The  smoke  stacks  of  the  boats  are  a  separate  prob- 
lem and  of  easy  solution. 

As  to  the  elevated  structures  referred  to  by  the  Captain, 
I  would  say  that  I  think  the  business  part  of  the  city  of 
Pittsburg  should  not  be  permitted  to  be  invaded  by  elevated 
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structures  for  steam  railroads,  and  furthermore,  it  is  not 
necessary.  Below  Grant  and  Eleventh  Street,  the  function  of 
that  part  of  the  city  is  to  serve  as  a  place  for  the  transaction 
of  business.  It  is  not  even  necessary  to  have  large  warehouses 
there.  They  can  be  located  outside  of  this  district  and  where 
property  is  cheaper  and  better  adapted  for  the  purpose.  The 
large  business  and  shopping  interests  are  so  great  even  now 
that  our  streets  are  congested  beyond  comfort  and  the  expedi- 
tious moving  about  of  the  people.  As  our  very  small  business 
district  rears  its  skyscrapers  heavenward  the  congestion  on  our 
narrow  throughfares  must  be  relieved  by  at  least  getting  our 
trolley  cars  off  them.  The  most  practical  solution  of  this 
question  seems  to  be  to  elevate  them.  I  believe  much  could 
be  accomplished  by  a  design  therefore  that  would  permit  of  a 
*'two  story"  scheme  on  some  of  our  most  crowded  streets. 
With  such  things  as  possibilities,  the  indiscriminate  traversing 
of  our  city  by  steam  railroads  or  elevated  structures  should 
not  be  permitted. 

Mr.  Emil  Swbnsson — ^The  subject  of  transportation, 
both  by  water  and  by  land,  within  the  domains  of  Greater 
PittsDurg,  to  me  has  been  an  interesting  study  for  some  time, 
and  the  papers  to  be  read  before  the  Society  to-morrow  night, 
dealing  with  the  river  part  of  it,  will  be  of  general  interest  and 
will  call  attention  to  our  needs  in  this  direction.  I  had  looked 
forward  to  being  present  at  their  reading  and  discussion,  but 
being  suddenly  called  away  from  the  city,  I  will  have  to  fore- 
go the  'pleasure,  and,  in  writing,  contribute  my  mite,  for  the 
good  of  the  cause. 

Capt.  Sibert,  having  kindly  extended  to  me  the  courtesy 
of  reading  his  very  able  paper  before  presentation,  I  am  some- 
what familiar  with  its  contents,  which  touches  upon  some  very 
vital  points,  relating  to  the  industries  of  this  district,  as  well 
as  to  the  city  itself. 

In  a  general  way,  it  is  agreed  that  the  bridges  over  the 
Allegheny  river  should  be  raised,   but  why  the  necessity  of 
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raising  them  to  such  a  height  as  the  Captain  indicates,  I  do  not 
quite  understand. 

A  large  passenger  and  packet  traffic  will  never  be  required 
on  the  Allegheny  river,  but  an  increase  in  the  small  packet 
traffic  will  likely  occur.  The  important  traffic,  and  what  mamly 
will  be  needed  is  the  carrying  of  bulk  ireight  in  barges  for 
the  plants,  now  located  on  its  banks,  and  those  that  the  future 
will  see  built  along  that  river. 

For  the  handling  of  bulk  freight,  in  barges,  to  the  plants, 
low  and  powerful  tug  boats,  only,  will  be  required.  It  is 
likely  that  such  tug  boats  must  be  of  the  stern  wheel  type,  but 
I  see  no  reason  why  any  other  part  of  such  boats  need  reach  a 
height  much  greater  than  the  wheel.  Can  not  the  river  inter- 
ests produce  such  tow  boats  ? 

The  tug  boats  used  in  New  York  harbor  for  towing  barges, 
carrying  loaded  freight  cars,  are  low  and  powerful,  taking* 
up  very  little  room. 

I  wish  the  Captain  would  explain  why  such  high  tow  boats 
are  built  on  these  rivers  ?  I  presume  they  are  a  legacy  from 
the  past,  when  taking  care  of  passenger  traffic  was  of  impor- 
tance  to  them. 

The  scheme  of  getting  down  from  the  raised  bridges  over 
the  Allegheny  river  to  the  Pittsburg  streets  is  admirable  in  its 
conception,  but,  if  executed,  would  be  decidedly  ugly  in  api)ear- 
ance,  as  well  as,  in  a  measure,  ruining  the  present  very  poor 
and  costly  loading  and  unloading  facilities  of  the  so  called 
Pittsburg  wharf. 

For  some  time  I  have  had  in  mind  a  suggestion  for  a  use- 
ful, and  at  the  same  time,  ornamental  wharf  or  embankment 
construction,  between  11th  street  on  the  Allegheny  river,  and 
Smithfield  street  on  the  Monongahela  river.  The  idea  would 
be  to  build  a  stone  wall,  or  quay,  on  the  harbor  line  for  this 
distance  to  an  elevation,  halfway  between  that  of  the  streets, 
entering  into  Duquesne  way,  and  that  to  which  the  Pittsburg 
end  of  the  Allegheny  river  Jbridges  had  to  be  raised. 
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The  roadway  of  the  bridges,  then,  would  be  carried  down, 
both  ways  to  the  adjoining  streets,  diagonally  and  on  grade, 
being  confined  by  tapering  stone  walls  for  the  length  of  a  block, 
say  from  Sixth  street  bridge  to  Seventh  street,  and  from  Sev- 
enth street  bridge  to  Sixth  street,  intersecting  halfway  between 
said  streets,  at  a  common  level,  which  would  be  the  level  of 
the  quay,  aforesaid.  That  would  enable  the  street  cars  to  run 
from  the  raised  bridge  to  the  level  of  the  streets  by  the  detour 
of  only  one  block.  The  teams  could  travel  the  same  routes 
or  turn  at  the  common  elevation  points,  half  way  in  the  block, 
and  come  back  on  the  street  opposite  its  bridge. 

These  diagonal  roadways  could  be  so  located  that  outside 
of  them  would  be  an  embankment  of  sufficient  width  to  turn 
teams  around  when  delivering  and  receiving  their  loads,  to  and 
from  boats,  moored  along  the  quay,  the  loading  and  unloading 
being  done  by  cranes  erected  near  the  edge  of  the  embankment. 

The  quay  could  also  have  recesses  with  steps  in  them  and 
floats  below,  such  steps  and  floats  giving  facilities  for  smaller 
craft,  at  any  stage  of  water. 

Foot  and  passenger  traffic  could  be  taken  care  of  by 
masonry  steps,  located  in  direct  line  of  the  sidewalks  of  the 
streets  and  their  bridges,  and  between  said  steps,  in  line  of  the 
roadway,  fountains  could  be  erected.  The  spaces  between  the 
upper  and  lower  half  of  the  inclined  diagonal  roadways  could 
be  beautified  with  trees  and  shrubbery,  and  serve  as  resting 
places  for  the  people. 

Such  arrangement  would  be  useful  to  the  river  traffic  by 
giving  increased  headroom  under  the  bridges,  and  to  the  load-^ 
ing  and  unloading  of  the  river  crafts  by  economy  in  the  hand- 
ling of  the  freight  and  avoiding  the  extra  teams,  now  used  to 
pull  up  the  loads  on  the  present  steep  wharf,  in  a  measure  pro- 
tect the  city  in  time  of  flood,  and  would  also  be  attractive  as  a 
breathing  place  for  the  inhabitants  of  the  downtown  district. 

This  scheme,  of  course,  does  not  permit  the  building  of 
railroad  tracks  along  the  river  front,  but  such  tracks  would  be 
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of  no  special  benefit  to  the  city  of  Pittsburg  in  its  present 
development,  but  rather  an  obstruction  and  eyesore.  The 
downtown  section  of  Pittsburg,  and  its  business,  has  outgrown 
any  freight  track  or  freight  station,  as  well  as  any  mill  or 
heavy  manufacturing  plant  being  located  below  10th  and  Grant 
streets.  This  section  should  be  given  over  entirely  to  oflSces, 
stores  and  light  manufacturing. 

For  the  economical  distribution  of  local  railroad  freight,  it 
is  suggested  that  a  union  freight  station,  built  on  the  present  Ft. 
Wayne  property,  between  10th  and  1 1th  streets,  and  between 
the  river  and  Penn  avenue,  which,  if  necessity  required,  could 
could  be  continued  up  to  12th  street,  would  best  serve  the  pur- 
pose. Such  freight  station  to  be  of  modern  design,  with  rail 
road  cars  coming  in  on  the  second  floor,  and  teams  delivering 
and  receiving  their  loads  on  the  ground  floor,  the  stories  above 
the  second  being  used  for  storage  of  freight,  etc. 

Capt.  Sibert — In  answer  to  Mr.  Swensson's  question  as 
why  towboats  are  so  high,  and  as  to  why  strong  tug  boats  such 
as  are  used  in  New  York  would  not  do  in  Pittsburg  Harbor, 
I  will  say: — 

1st.  That  an  assumption  that  only  towboats  are  needed 
in  the  Allegheny  River  is  not  fair  to  the  people  of  the  Allegheny 
Valley.  Packet  boats  supply  the  daily  wants  of  the  small 
shippers  and  the  daily  wants  of  all  shippers  in  perishable  goods, 
or  goods  in  small  lots,  and  accommodate  many  passengers. 
Freight  transportation  by  packet  within  a  distance  of  a  hundred 
miles  is  much  quicker  than  by  rail.  Freight  delivered  on  the 
wharfboat  at  2  P.  M.,  is  delivered  in  Morgantown,  102  miles 
distant,  by  9  or  10  o'clock  next  morning.  It  ordinarily  takes 
about  one  week  to  transfer  the  same  freight  by  i*ail.  This 
rule  is  also  true  for  much  longer  distances,  and  no  reason  is 
seen  why  the  shipping  facilities  of  the  Allegheny  Valley  should 
be  limited.     The  Allegheny  River  extends  above  Pittsburg. 

2nd.  The  tug  boats  used  in  New  York  harbor  are  screw 
propellors,  and  the  fact  that  such  a  boat  can  not  steer  well 
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Prof.  Fessenden,  former  Secretary,  was  called  upon  and 
responded  by  expressing  his  gratification  at  being  able  to  attend, 
and  in  finding  the  surroundings  so  much  improved  and  the 
Society  in  so  prosperous  a  condition. 

On  motion  the  meeting  adjourned  at  10:55  o'clock. 

Charles  W.  Ridinger, 

Secretary, 


CHEMICAL  SECTION. 

The  regular  monthly  meeting  of  the  Chemical  Section 
was  held  in  the  rooms  of  the  Society's  house,  Sept.  25,  1902, 
the  chairman,  Dr.  Stahl,  presiding.  In  the  absence  of  the 
Secretary  no  minutes  of  the  last  meeting  were  read,  and  Mr. 
G,  O.  Leoffler  was  appointed  Secretary  pro  tem.. 

Upon  motion,  Mr.  McKenna  was  requested  to  prepare  a 
paper  on  ^  ^The  successive  use  of  the  Copper  Potassa  Chlorid 
Solution  in  dissolving  samples  for  carbon  combustions  in  iron 
and  steel, "  also  one  on  the  feasibility  of  determining  carbon  by 
combustion  without  complete  solution  of  the  sample. 

After  a  general  discussion  of  recent  improvements  in 
methods  of  chemical  analysis  and  of  recent  chemical  Litera- 
tune,  the  Section  adjourned  at  10:15  P.  M. 

G.  O.  Loeffler, 

Secretary  pro  tein. 
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COMPOSITION  OF  BLAST  FURNACE  SLAGS.      ^ 

BY  L.  BLUM. 
Stahl  xhnd  Eisen,  No.  21^  Page  102^. 

If  a  cast  iron  is  wanted  which  is  to  contain  as  much  Mn 
as  possible,  besides  a  minimum  of  silicon,  or  in  the  absence  of 
considerable  quantities  of  manganese  in  the  burden,  to  contain 
as  little  sulphur  as  possible,  the  first  condition  for  producing 
such  kind  of  iron  will  be,  that  the  slag  contain  a  certain  excess 
of  lime.  This  excess  of  lime  decreases  the  reduction  of  Si  and 
favors  that  of  the  Mn,  or  on  the  other  hand,  binds  the  greater 
part  of  the  sulphur  in  the  burden  as  Ca  S  in  the  slag.  Ac- 
cordingly such  furnace  slags  are  usually  called  "Basic". 

For  the  calculation  of  the  burden  two  methods  are  now 
generally  used;  the  Stoichiometric,  by  Mrazek,  based  on  the 
supposition  that  silica  and  bases  combine  in  the  slags  in  the 
proportions  of  their  molecular  weights  and  that  the  different 
bases  can  substitute  each  other  in  this  proportion,  and  the 
method  of  Platz,  according  to  whom  there  exists  a  constant 
proportion  between  the  weights  of  Si  O^  and  Al^O,  on  one 
side  and  the  bases  of  the  general  formula  EO  on  the  other  side; 
this  proportion  can  be  expressed  by  the  fraction 

KO  -  bases  62 

SiO,   plus    Al7)7~48 
This  fraction  exhibited  by  Platz  as  the  mean  proportion 
between  KO  bases  and  (SiO^  plus  Al^Oj)  for  producing  either 
gray  or  white  pig  iron,  was  modified  by  Ledebur  to 

RO  bases  _51 

^^O,   plus   Al,0,-49; 
on  account  of  the  Ca  bound  to  S  as  Ca  S  in  the  slag. 

The  principal  difference  between  these  two  methods  for 
calculating  the  burdens  of  blast  furnaces  is  this:  Platz  believes 
that  AlgOj  and  SiOg  can  substitute  each  other,  while  this  is 
discredited  by  Mrazek.  In  other  words,  according  to  Platz 
the  Al    O  in  furnace  slag,  plays  the  part  of  an  acid,  while 
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Mrazek  thinks  it  acts  as  a  base.  Of  these  two  opinions,  this 
of  Mrazek  is  inferior  to  that  of  Platz,  but  there  are  also  some 
objections  to  the  latter  and  this  is  to  be  shown  in  the  following 
lines. 

The  decision  of  the  question  which  role  the  Al^Og  playa 
in  furnace  slags,  must  be  based  on  an  exact  comparison  of  the 
products  of  one  single  furnace,  provided,  that  these  products 
are  obtained  under  the  same  conditions  (except  the  burden)  and 
during  a  possible  long  time. 

The-  alumina  in  slag  from  furnaces  which  use  ores  from 
the  Minette  district  (Luxenburg)  exclusively,  vary  between  16 
and  20  % ,  depending  on  the  composition  of  the  burden.  The 
author  is  enabled  by  analyses  to  base  on  the  above  mentioned 
principle,  a  comparison  of  two  burdens  which  are  different  in 
AljOj-,  though  the  differences  here  are  not  as  considerable  as 
in  the  analyses  given  by  Platz,  yet  we  may  obtain  from  them 
a  plain  answer  of  the  question  under  consideration. 

A  certain  blast  furnace  was  producing  basic  iron  without 
Mn;  after  it  had  worked  a  pretty  long  time  with  the  same 
burden,  the  compostion  of  the  latter  was  changed,  so  that  the 
amount  of  Al^Oj  in  the  slags  decreased.  We  may  take,  there- 
fore, as  base  of  our  investigation,  the  comparison  of  these  two 
slags;  the  one  which  is  higher  in  Al^Oj  will  be  called  No. 
"I,"  the  lower  one  will  be  called  No.  '<II". 

A  test  piece  was  taken  from  every  flush  during  one  month 
and  the  combined  samples  were  analysed  every  10th  day.  In 
one  month  three  slag  analyses  were  thus  obtained,  the  averaga 
composition  of  which  was  calculated. 

No.  I.  No.  II. 

SiO^  30.97  32.05 

FeO  1.28  1.20 

MnO  .49  .46 

Al,03  19.08  17.19 

CaO  45.12  46.55 

MgO  2.44  2.03 

S  .98  .96 
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The  kind  of  silicate  formed  in  cinder  according  to  Stoich- 
iometric laws  and  applied  by  Mrazek  is  foand  as  follows: 

I. 

Q;n          nn  o7          «<»     —  Acids  Oxygen.     Basic  Oxygen. 
SiO,         30.97         .53 ^^j^ 

FeO  1.28         .2221 286 

MnO  .49         .22.55 110 

A1,0,        19.08         .4696 8.960 

CaO  43.41         .2856 12.398 

MgO  2.44         .4000 976 

16.498  22.730 

II. 

SiO,  32.05  .6327                 17.073 

FeO  1.20         .2221 266 

MnO  .46         .2255 104 

A1,0,  17.19         .4696 8.072 

CaO  46.56         .2856 12.815 

MgO  2.03         .4000 .812 

17.073  22.069 

,     16.498  _       -9-      „       17.073  _    „„„ 

From  the  Stoichiometric  standpoint,  i.e.  according  to  the 
law  of  combining  proportions,  No.  I  is  a  mixture  of  62.2^ 
singulo  silicate  with  37.8%  subsilicate,  and  No.  II  a  mixture 
of  70.7%  singulo  and  29.3%  subsilicate;  hence  the  slag  No.  I, 
which  is  higher  in  Al^Q^  would  have  a  greater  basicity  than 
the  lower  No.  II,  which,  however,  was  not  the  case,  as  it  will 
be  seen  further  on,  and  as  Platz  has  proved  already  with  the 
aid  of  the  analyses  he  published.  The  alumina  does  not  sub- 
stitute the  lime,  and  the  calculated  basicity  of  No.  I  seems  only 
to  ^be  greater  because  of  the  oxygen  contained  in  the  Al,Oj 
and  added  to  the  sum  of  basic  oxygen. 

We   will  start  now  from  the  opposite  view,   assuming 
SiOj  and  Al^Oj  can  substitute  each  other,  or  in  other  words. 
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aB9i]iDin<]r  Al  0«  to  act  as  an  acid.  The  sum  of  SiO,  and 
AI^O,,  on  one  hand,  and  the  snm  of  the  EO  bases  (except  the 
Ca  which  is  bound  to  S)  on  the  other  hand,  should  give  us 
then  the  proportion, 

KO  -  bases  51 

SiO,    plus   AI,(J,  55 

In  No.  I  this  proportion  is 

49.6 
6074; 
in  No.  II  it  is 

60.5 


49.5, 

51 
the  latter  checks  better  with  Ledebur's  average  number  ot-r-^ 

Judging  from  Platz's  point  of  view,  the  higher  slag  No.  I 
should  show  therefore  a  less  basic  character  than  the  lower  No. 
11.     We  will  have  to  prove  how  near  right  or  wrong  we  are. 

Furnace  slags  of  a  composition  as  described  above  are 
generally  called  ''short,"  meaning  that  their  variations  in 
basicity  are  confined  within  narrow  limits,  therefore  we  better 
rely  on  the  composition  of  the  pig  iron  in  the  production  of 
which  those  slags  were  obtained.  During  the  time  of  a  month , 
in  which  the  observations  were  made,  the  furnace  was  produc- 
ing white  Thomas  iron,  free  from  Mn;  hence  its  contents  of 
Sulphur  was  not  allowed  to  surmount  a  certain  percentage,  and 
in  order  to  control  this,  every  cast  was  sampled  and  analysed 
for  sulphur;  since  all  conditions  in  both  cases  were  alike,  ex- 
cept the  difference  in  the  Al^O,  in  burden,  the  contents  of 
sulphur  in  the  two  cast  irons  must  enable  us  to  judge  the  bas- 
icity of  the  resi)ective  slags. 

The  sulphur  in  the  iron,  produced  from  high  alumina  bur- 
den, amounted  to  S  =.113%  (average  of  119  determinations). 
During  the  working  with  the  low  alumina  burden,  five  casts 
were  made  daily  in  order  to  prevent  any  eruptions  of  the  pig 
iron  and  the  explosions  connected  with  them.      The  average 
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Sulphur  of  these  155  casts  was  S  =.115%.  This  little  differ- 
ence may  be  neglected,  and  we  may  say  that  we  have  the  same 
amount  of  sulphur  in  both  kinds  of  iron  during  the  two  months. 
The  Sulphur  now  depending  in  first  line  on  the  basicity  of  the 
slags,  we  must  conclude  that  the  basicity  of  both  the  slags 
were  equal,  in  spite  of  the  different  proportions 

49.6        ,  50.5 
and 


50.4  49.5. 

Since  the  compositions  of  both  slags  are  nearly  alike,  except 

the  amounts  of  alumina,  we  are  driven  to  the  conclusion  that 

the  alumina  has  neither  a  basic  nor  an  acid  influence  on  the 

character  of  the  slag,  but  that  the  alumina  in  furnace  slags  acts 

neutral. 

If  we  now  neglect  the  Al^O,  contents  in  the  slags,  we  get 

the  following  composition: 

No.  I.  No.  II. 

SiO,                 38.10  38.50 

FeO                   1.58  1.44 

MnO                    .60  .59 

CaO                 55.51  55.9a 

MgO                  3.00  2.44 

S                        1.21  1.11 

No.  I.    ^%  =    .686    No.  II.  ^J2j_  =  .688 
CaO  CaO 

Thus  the  proportion  between  SiO^  and  CaO  is  the  same 
in  the  two  slags,  and  that  explains  that  their  basicities  are 
equal,  as  we  saw  also  from  the  amounts  of  sulphur  in  the  two 
kinds  of  iron. 

According  to  all  foregoing  statements  the  basic  charac- 
ter of  these  slags  depends  only  on  the  presence  of  a  basic 
calcium  silicate,  the  molecular  formula  of  which  is  still  to 
determined. 

I.     The  high  alumina  slag. 
.98%  S,  bound  to  Ca  give  1.71%  CaO,  which  must  be  sub- 
tracted from  the  whole  amount  of  lime;  the  rest  is  then  43.41% 
CaO,  bound  lo  SiO^. 
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SiO, 59.92   SiO^ 30.97;   69.92  =  .517  =  (2) 

CaO 65.87   CaO 43.41:   65.87  =  .777  =  (3.005) 

Thus  a  calcium  silicate  results,  formula  of  which  will  be 
3  CaO.  2  SiO,.     (58.3%  CaO,  41.7%  SiO,). 

No.  II.     The  low  alumina  slag. 

.96%  S 1.68%  CaO 

SiO,..  ..32.05:  59.92  =  .535  =  2 

CaO..  ..44.07:  55.87  =  .803  =  3.002 

The  formula  of  the  calcium  silicate  is  again,  3  CaO.   2  SiO,. 

It  appears  plain  from  all  of  above  data  and  observations, 
that  only  this  sesquisilicate  of  calcium,  can  be  considered  as 
cause  of  the  basic  properties  of  the  furnace  slag,  and  we  can 
draw  the  conclusion,  that  after  subtracting  the  Ca  present  as 
Ca  S.  the  Jime  and  SiO,  must  be  present   in   the   proportion, 

CaO     ^  58.3 
SI07         41:7 
Platz's  proportion  of 

EO  basis 


SiO,   plus  Al,03 
is  not  a  constant  one,  at  any  rate  it  varies  with  different  con- 
tents of  alumina.     For  instance,  Platz  gives  this  proportion  as 

48 

52 

for  slags  of  a  Luxemburg  furnace,  if  working  on  gray  iron, 
and  as 

48 

50 
if  working  on  white  iron;  in  other  words,  when  the  amount  of 
alumina  increases,  the  factor  decreases  and  vice  versa.  The 
fraction  increases  likewise  when  the  furnace  is  working  cold^ 
so  that  large  amounts  of  iron  and  Mn  go  into  the  slag;  in  this 
case  too,  the  factor  grows  larger  without  the  slag  becoming 
more  basic  in  the  sense  above  mentioned.  Is  it  now  per- 
mitted to  take  off  lime  from  the  burden  in  order  to  get  the 
right  proportion 


\ 
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51 

49 
again?     No,  for  in  most  of  the  cases  the  composition  of  the 

pig  iron  would  be  changed  then;  if,  however,  the  calculation 

of  the  burden  is  based  on  the  calcium  silicate  3  CaO — 2  SiO^,  the 

proportion 

CaO 


SiO, 
will  not  be  changed,  even  when  FeO  and  MnO  in  the  slag  are 

increasing.  ' 

The  conclusions  of  our  investigation  may  be  expressed  in 
three  principles. 

1st.  The  alumina  of  a  basic  furnace  slag  does  not  influ- 
ence its  basic  or  acid  qualities. 

2d.  The  basic  character  of  a  slag  depends  always  on  a 
certain  amount  of  lime,  which  must  be  high  enough,  even  after 
the  subtraction  of  that  part  of  it  which  is  bound  to  S,  as  to 
form  a  sesquisilicate  with  the  SiO^   present. 

3d.  The  basic  furnace  slag  must  therefore  be  considered 
to  be  a  sesqui-calc.  silicate.  In  the  sense  of  Ledebur's  theory 
of  solutions,  a  sesquisilicate  in  which  the  A\0^  and  all  other 
RO 'bases  except  CaO,  are  in  solution  as  indifferent  bodies. 

In  furnace  slags  which  are  obtained  when  common  white 

iron  is  produced  this  proportion  between  CaO   and  SiO^  does 

not  exist:  they  show  generally  a  higher  SiO^  besides  a  lower 

CaO.     The  following  table  shows  the  composition  of  a  slag  as 

obtained  from  working  up  Minette  ores  for  puddling  iron  : 

SiOg  .     36.78 

FeO  2.T2 

MnO  .74 

AI3O,  19.50 

CaO  37.58 

MgO  2.23 

S  .48 
The  Stoichiometric  proportion  between  SiO^  and  CaO,  is 

here  quite  different  from  that  of  basic  slags:  .48%  S,  bound  to 

Ca  0  indicates  1.08%  Ca  S,  corresponding  to  .84%  CaO. 
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37.68  -  .84  =  36.24%  CaO  bound  toSiO,. 

SiO^  36.78:      59.92  =  .«13   =  1,  CaO. .  .  .48.25% 

CaO  36.24:  55.87  =  .618  =  1.05,  SiO,. ..  .51.75%. 
This  compound  must  be  written  then  as  CaO,  SiO^,  corres- 
ponding to  our  bi-silicate.  Should  the  contents  of  CaO  con- 
tinue to  decrease,  it  might  be  assumed  that  the  A1,0,  and 
the  RO  bases  lose  their  neutral  character  under  the  predomina- 
ting influence  of  the  SiO,,  and  assume  basic  character  in  the 
forming  of  silicates. 

In  puddling  iron  slags  the  proportion  between  SiO,  and 

CaO,  after  subtraction  of  the  Ca  bound  to  S.  would  be  there- 
fore 

CaO     ^  48.2 

Si07         5l78" 
(Composition  of  CaO.     Si02.) 

As  has  been  intimated  above  and  from  all  that  has  been 

said,  a  simple  way  of  calculating  the  furnace  burden,    basing 

the  calculation  upon  the  proportion 

SiO, 

CaO 
has  been  evolved.      For  basic  slags  as  obtained  with  Thomas 

or  foundrv  iron  this  proportion  was  determined  as 

58.3  CaO 

41.7  SiO, 
In  Luxenburg  and  Lorraine  the  average  Silica  in  slags  is 

31%,  requiring  43.43%  CaO  for  forming  the  sesquisilicate 
3  CaO.  2  SiO,;  for  1%  sulphur  we  must  add  1-44%  CaO 
more,  together  44.78%,  or  in  a  round  number  45%.  In  calcu- 
lating the  burden,  the  proportion 

CaO  ^  58.3 

SiO;        4i:  T 

would  have  to  be  changed  then  to 

CaO^  ^  45 

Si07         3 1 

on  account  of  1  %  S. 

The  condition  the  author  is  working  under  has  found  thie 
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proportion  to  be  perfectly  satisfactory,  as  proved  by  an  exper- 
ience of  several  years.  Variations  of  the  amount  of  sulphur 
would  require   a  corresponding  regulation  of  the  proportion 

CaO 

SiO, 
of  course. 

An  example  may  show  clearer  the  calculation  of  the  bur- 
den of  a  furnace  which  is  to  produce  Thomas  iron  out  of 
Minette  ores.  The  composition  of  the  ores  as  well  as  the  re- 
spective proportions 

CaO 

sio; 

will  be  seen  from  the  following  analyses : 
Minette  frora  Bdvaux, 


6.40Jfe  CaO  bind  ^^^—  =4.41%  SiO,. 

46  ' 

The  excess  of  SiO,  will  be  then 

14.60-  4.41  =  10.19% 


We  will  neglect  in  this  case  the  contents  of  Si  of  the  pig 

iron;  but  if  we  want  to  calculate  the  burden  for  a  pig  iron  with 

2%    Si,  we  have  to  calculate  in  this  way;  38.32%  Fe  bind 

2x38.32 
—  -j^ —    =  .77%  Si  =  1.64  SiO,. 

The  excess  of  SiO,  would  be  then  only  14.60 -(1.64  plus 
4.41)  =  8.58%, 

Gray  Mmettefrom  each, 
Sia  8.01 

cio  19!04     ^-^1*  SiO.  bind  i^jMl  =  n.es  CaO 

MgO  .83     ^, 

Mn  O  .49     I^^cess  o*  'i™©  =  l^-^^  -  H-^S  =  7.41% 

P  .69 

Fe  38. 84 


SiO, 

14.60 

AlA 

6.16 

Cab' 

6.40 

MgO 

.74 

Mn,0, 

.60 

P 

.87 

Fe 

38.32 
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Red  Chalky  Minette  front  each. 

SiO^  6.15 

ALO                4.66                                 45x5.15        ^  Ac^^   ^  ^\ 
Cab  35.04     5.15  SiO,  bind   —^^ =  7.48%  CaO. 

]yjn  O  .  18     Excess  of  lime  =  35.04  -  7.48  =  27.56% 

P    '    *  .44  CaO. 

Fe  16.13 

We  may  now  form  a  burden  from  50  parts  of  Minette 
from  Belvaux  and  50  parts  of  gray  Minette  from  Esch,  with 
addition  of  sufficient  red  chalky  Minette,  as  to  get  a  slag  cor- 
responding with  the  above  said  conditions: 

SiO^        zr^ —  =  5.09  excess  of  SiO,  :   required. 

*  100 

45x5.09  nr  or.  1- 

Lime ^i =  ^^-39  lime. 

50  parts  of  gray  Minette  contain 

available  lime, — —^ —  =   •^•'^^ 

The  rest  which  still  is  to  be  covered  is  7.39  -  3.70  =  3.69 
parts  lime. 

'- =  13.4     parts  of  chalky  Minette  which  we  have 

27.50  ^  ^ 

to  add. 

For  melting  this  burden,  we  nee<l  about  45  parts  coke,  with 

about  4. 5  parts  ash. 

The  ash         SiO^    50% 

Al^O, 15% 

CaO 20% 

Fe 10% 

20x31 

20   parts   SiO^   bind   45  =  13.77  SiO^;  the  excess   of  silica 
is  then  36.23  parts.     45  parts  coke  contain 

=  1.63  excess  of  SiO, 

100  * 
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which  requires 


1.63x46 


31 


=  2.37   parts  CaO 


contained  in 

2.37x100 


27.60 


8.6  parts  of  chalky  Minette. 


We  need  therefore,  13.4  plus  8.6=22  parts  of  chalky  Minette. 

The  burden  consists  then^    of 

50  parts  Minette  from  Belvaux 41% 

60  parts  Minette  from  Esch 41% 

22  parts  red  chalky  Minette 18% 

and  its  composition  is  as  follows  : 


SiO, 

AiA 

CaO 

MgO 

Mn,0, 


14.86 

7.64 

21.33 

.87 


.66 
Fe      '  38.68 

P  .86 

The  slag  which  will  result,  must  show  the  following  com- 
position: 


SiO, 

A1.0, 

CaO 

MgO 

MnO 

FeO 

S 


14.86  =  32.19% 
7.64  =  16.64' 

21.33  =  46.77' 
.87=  1.91' 
.26=  .67' 
.46=  1.01' 
.46  =    1.01' 


The  MnO  was  assumed  as  to  be 
found  half  in  the  slag,  half  in  the 
iron.  1  %  Fe  and  1  %  S  are  num- 
bers taken  from  experience. 


46.60     100.00 


CaO    ^45 
Sl07        31 
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No.  21,  page  1024. 


Epp^S' Society  of  Wester  Penplvap. 


THIS  soGisry  does  not.hold  itself  responsible  for  the  opinions  of  its  members. 


The  two  hundred  and  twenty-eight  regular  monthly 
meeting  of  the  Engineers'  Society  of  Pennsylvania  was  held  in 
the  lecture  room  of  the  Society's  house,  410  Penn  Are., 
Pittsburg,  Pa.,  Tuesday  evening,  October  21,  1902,  at  8:16 
o'clock.  President  Mr.  Chas.  F.  Scott  in  the  chair,  and  64 
members  and  visitors  present. 

The^minutes  of  the  preceding  meeting  were  read  and 
approved. 

The  Board  of  Direction  reported  that  they  bad  passed 
favorablyj^on  the  following  applications  for  membership  and 
present  same  to  the  Society  for  action. 

The  following  new  members  were  elected  at  the  October 
meeting : 

NAME.  OCCUPATION  AND  ADDRESS.  ENDORSED  BY. 

f  B.  E.  V.  Luty, 

CHARLES  W,  BRAY,        -       Chief  Engineer,        -         ll.W,  Frank, 

I S.  B.  Ely. 
AmerlcazilTixi  Plate  Co..  1217  Carnegie  Buildinv, 

Pittsbuig,  Pa. 

f  W.  Smith, 
FLOYD  W.  FREDERICK,        -       Draftsman,       -        ]  C.  F.  Scott, 

IC.  B.  Connelley. 

W.*E.  &  Utg.  Co.,  S.  Plttsbuif,  Pa. 
h.  608  Kelley  Ave.,  Wilklnsbuig,  Pa. 

r  W.  Schmidt, 
EDWARD  GARRICK,  -         Draftsman,         -  -^  C.  F.  Scott, 


W.  E.  &  Mfo.  Co.,  E.  PittsbUTir.  Pa. 
h.  720  Shady  Ave.,  Pittsbuig,  Pa. 


tC  B.  Connelley^ 


f  J.  D.  Lyon, 
CHAS.  P.  HIDDEN,      -      Mechanical  Engineer,     -      ^  A.  K.  Ariiworth, 

(  C.  B.  Connelley. 


Taylor,  Wilson  A  Co.,  101  Grant  Ava.,  Allefheny,  Pa. 
h.  640  Neville  St.,  Pittsbuig,  Pa. 

r  Richard  Hirach, 
HENRY  D.  JAMES,       -       Resident  Engineer,      -       ^  C.  F.  Scott, 

^.,  «  ^  I C.  B.  ConneUey. 

Otis  Elevator  Co.,  541  Wood  St.,  Pittsburg,  Pa. 
h.  Wightman  St  ,  Pittsburg,  Pa. 
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f  C.  W.  Rice, 
BASSET  JONES,  Jr..    -    Manager  Pittsburg  Office,    -    \  C  F.  Scott, 


ANDREW  KERR, 


Clark  &  MacMullen,  Ck>nsulting  Engineen, 
Frick  Building,  Fittsbarg,  Pa. 

Engineer, 

American  Bridge  Co. 
h.  231  Matilda  St.,  Pittsburg,  Pa. 


(  Richard  Hirsch. 


rj.  M. 
^  J.  K. 
iC.  H. 


J.  M.  Camp, 
Lyons, 
Wood. 


PAUL  M.  LINCOLN, 


Engineering  Staff, 


COLIN  McINNES, 


W.  E.  &  Mfg.  Co. 
h.  Fifth  and  Elysian  Aves.,  Pittsburg,  Pa. 


Manager, 


Anchor  Engine  &  Machine  Co.,  Pittsburg,  Pa. 
h.  Bennett  P.  O.,  Pa. 


f  H.  W.  FL^her, 

\  C.  F.  Scott, 

t  C.  W.  Ridinger. 


f  F.  L.  W^hite, 
\  H.  J.  Glaubita, 
I  Richard  Hirsch. 


JOHN  D.  O'BRIEN, 


FRANK  ORBIN, 


Manager, 

Columbia  Fireproofing  Co., 
37  King  William  St.,  London,  England. 

Superintendent, 

Bureau  of  Electricity,  Safety  Building, 
431  Sixth  Ave,,  Pittsburg,  Pa. 


{C.  B.  Connelley, 
Richard  Hirsch, 
J.  M.  Camp. 


C.  W.  Ridinger, 
Hershey, 
Scott. 


HARRY  L.  PRESTON, 


Civil  Engineer, 


CHAS.  R.  RHODES, 


Pittsburg  &  Lake  Erie  R.  R.  Co. 
h.  1121  Sixth  Ave.,  Beaver  Falls,  Pa. 

General  Superintendent, 


Pittsburg  Valve  Foundry  <&  Con  Co., 
Twenty-sixth  St.  and  A.  V.  R.  R.,  Pittsburg,  Pa. 


raw. 

-^H.  D. 

Ic.  F.  1 

f  E.  F.  Wendt, 
i  R.  M.  Pearce, 
I C.  W.  Riding. 

fF.  L.  1 
-^M.  J. 
Ih.  B. 


Ridinger. 


F.  L.  Slocum, 
Dowlingy 
Robinson. 


WM.  M.  SIMMONS, 


Manager, 


WM.  SMITH, 


Central  District  Railway  &  Engineering  Review, 

306  Frick  Building,  Pittsburg,  Pa. 

h.  5919  Rippey  St.,  E.  E.,  Pittsburg,  Pa. 

Master  Mechanic, 


{S.  B.  Whinery, 
C.  B.  Albree, 
N.  C.  Wilson. 

(  E.  L.  Messier, 
-j  T.  Jones, 
t  F.  S.  Slocum. 


GP:0.  SNYDER, 


Mechanical  Engineer, 


Jones  <Se  Laughlin's. 
h.  3233  Wilmot  St.,  Pittsburg,  Pa. 

r  G.  G.  Crawford, 

-j  W.  A.  Cornelius, 

(  J.  M.  Camp. 
National  Tube  Co.,  National  Dept.  Tube  and  Pipe  MiUs, 

McKeesport,  Pa. 

r  S.  B.  AVhinery, 
J,  P.  YOUNG-        -        Engineer  of  Construction,        -       •{  E.  Yawger, 

I W.  Bradford. 
Westinghouse.  Church,  Kerr  &  Co.,  Pittsburg,  Pa. 


REGULAR  MEETING.  ill 

Mr.  IIirsch — 1  move  that  the  Secretary  be  instructed  to 
cast  a  ballot  electing  to  membership  the  seventeen  gentlemen, 
who  have  been  approved  by  the  Board  of  Direction. 

Motion  duly  seconded  and  carried. 

The  President — The  name  of  one  of  the  members  elected 
at  the  last  meeting,  appears  on  the  front  page  of  our  announce- 
ment in  connection  with  the  first  paper  of  the  evening. 

One  thing  has  impressed  me  in  connection  with  this  paper 
and  that  is  the  very  great  variety  of  engineering  work  which  is 
centered  in  this  Society.  Other  Societies  are  devoted  to  par- 
ticular lines  of  work,  civil  or  mechanical,  or  electrical  or  min- 
ing engineering,  but  here  we  come  together  as  engineers  un- 
restricted by  narrow  limits  and  thus  without  a  common  aflSli- 
ation  with  any  one  line  of  activity.  A  very  great  variety  of 
engineering  work  is  represented  among  our  members. 

One  of  the  diflBculties  in  conducting  a  Society  of  this  char- 
acter is  that  only  a  small  percentage  of  the  members  are  par- 
ticulary  qualified  to  appreciate  an  advanced  paper  on  a  particu- 
lar subject,  while  the  remainder,  or  possibly  nine-tenths,  of  the 
members  are  prepared  to  be  interested  only  in  a  general  or 
elementary  presentation<of  a  particular  techincal  subject.  .  This 
has  both  its  advantages  and  disadvantages.  Those  of  us  who 
are  in  special  lines  of  work,  instead  of  having  a  series  of  papers 
through  the  year  which  pertains  to  that  line  alone,  have  an 
opportunity  of  getting  in  touch  with  other  lines  of  work  and 
finding  out  what  other  engineers  are  doing  in  widely  different 
fields.  If  you  will  run  over  the  Proceedings  of  this  Society, 
for  the  past  half-year,  you  will  find  quite  a  variety.  There 
have  been  papers  on  electrical  matters,  papers  relating  to  rail- 
road work,  buildings,  bridges,  and  transportation,  but  this 
evening  we  have  an  entirely  different  line  of  work  for  our 
consideration,  and  one  with  which,  I  will  venture  to  say,  very 
few  of  us  are  familiar.  I  think  the  sul>ject  this  evening  from 
the  general  understanding  I  now  have  of  it,  is  of  interest,  in  that 
it  shows  not  a  fundamental,   but  one  of  the  auxiliary  methods 
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by  which  the  efficiency  of  certain  operations  may  be  increased. 
It  is,  if  you  choose,  a  secondary  method  by  which  the  efficiency 
in  various  lines  of  manufacturing  work  may  be  augmented,  and 
it  may  lead  to  more  efficient  production  by  the  use  of  what 
would  otherwise  be  wasted  by-products.  I  have  great  pleasure 
in  introducing  to  the  Society  Mr.  Henry  S.  Mould. 

Mr.  Mould — The  word,  ^'briquette"  is  a  misnomer. 
Briquette  is  properly  the  French  word  for  ''little  brick,"  but 
we  do  not  make  little  bricks,  we  make  a  variety  of  shapes;  the 
name  seems  to  have  been  given  the  process,  however,  prior  to 
briquetting,  in  putting  into  brick  form  coal  dust  of  some  of  the 
foreign  countries,  and  as  a  result  has  come  to  be  used  in  a 
broad  sense. 


PAPER   BY    MR.  HENRY   8.  MOULD.  413 


BRIQUETTING:— ITS  HISTORY,  VALUE  AND  POSSI- 
BILITIES  IN  THE  IRON  INDUSTRY. 

fy  BY  HENRY  8.  MOULD. 

Whenever  blast  furnace  managers  are  asked  about  briquett- 
ing,  there  is  a  tendency  to  smile  and  edge  away.  It  is  the  old 
story  of  a  distaste  to  take  any  radical  step  in  the  direction  of 
change  from  established  customs,  until  someone  else  has  proven 
the  proposition  and  with  it  the  necessity  to  act  in  order  to  keep 
up  with  the  times  If  no  one  takes  the  initiative  no  progress 
is  made. 

But  if  you  bring  up  the  subject  of  the  loss  resulting  from 
flue  dust  waste  and  the  evils  resulting  from  the  use  of  large 
quantities  of  fine  ore  in  the  furnace,  there  will  not  be  found 
such  a  willingness  to  smile.  If  the  furnace  manager  is  honest, 
he  will  acknowledge  that  the  scarcity  of  lump  ore  and  its  value 
in  comparison  with  Mesaba,  and  the  consequent  necessity  of 
using  the  fine  material  in  the  furnace  in*  large  quantities, 
increases  the  flue  dust  loss  and  gives  rise  to  other  dangers  and 
evils  that  entail,  oftentimes,  heavy  property  loss  and  even  the 
loss  of  human  life. 

It  is  to  do  away  with  these  evils  as  far  as  possible  that  the 
subject  of  briquetting  has  been  investigated  by  myself  for  the 
last  eight  years.  There  have  been  many  failures,  with  some- 
times little  prospect  of  ultimate  success.  As  time  has  slipped 
away,  the  field  where  briquetting,  if  done  successfully,  would 
prove  an  important  economic  factor  has  opened  out  to  vastly 
larger  dimensions  than  it  had  eight  years  ago.  Already  the 
great  precious  metal  ore  smelters  of  the  country  are  using  bri- 
quetting machines  to  force  their  flue  dust  and  fine  ores  into 
blocks.  But  the  iron  men  have  been  more  sceptical.  The 
opportunities  for  demonstrating  that  the  work  can  be  success- 
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tons  of  flue  dast,  in  order  thst  a  fair  blast  furnace  test  might 
be  obtained. 

At  that  time  the  moat  available  machine  for  onr  parpose 
was  what  is  known  an  an  *'eggette"  machine,  which  is  com- 
posed of  two  large  rolls,  each  having  an  indentation  in  its  face 
to  correspond  with  the  half  of  an  egg  shape,  being  so  placed 
us  to  register  accurately  and  so  designed  as  to  allow  the  eggette 
thus  formed  to  drop  on  to  a  conveyor  belt.  The  briquettes 
made  with  this  machine  for  the  Illinois  Steel  Company  appear- 
ed to  be  satisfactory  and  they  were  used  in  the  Union  furnaces. 


Fig.l. 

Wliit«  KgKutte  Macliine,  slioning  roll?  containing  molds. 

While  the  lirirjuettes  manufactured  were  strong  enough  to 
ftiind  up  in  tlie  furnace,  there  were  a  numl)er  of  other  difficul- 
ties lliat  iiiiide  further  ex)»riinent  necessary  before  a  successful 
))rnc6Wf  Cduld  l)e  evolved.  In  the  first  place,  using  the 
"oggelte"  tyjJe  of  press,  bo  large  a  percentage  of  binder  was 
necessary  that  the  cost  of  the  briquettes  was  too  high.  In  ad- 
dition to  this,  the  machine  as  then  constructed  would  not  stand 
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operators  were  generally  lacking  in  a  thorough  understanding 
of  the  subject. 

In  endeavoring  to  understand  briquetting  and  before  I 
speak  of  my  own  efforts  toward  success,  it  must  be  known  that 
the  conditions  vary  widely  in  different  regions  and  with  the 
materials  that  are  to  be  put  into  block  form.  The  bonding 
agent  that  can  be  successfully  used  with  precious  metal  con- 
centrates or  flue  dust  from  the  smelters  cannot  be  successfully 
used  with  anthracite  clum,  and  the  binder  used  in  briquetting 
the  latter  cannot  be  used  in  briquetting  iron  flue  dust  or  fine 
iron  ores.  Adjustibility  of  pressure  is  also  essential  as  different 
materials  require  varying  pressure,  ranging  from  2,000  to 
18,000  lbs.  per  square  inch.  From  this  you  may  see  that  the 
necessity  for  careful  and  patient  experiment  has  been  almost 
unlimited. 

My  entrance  into  the  field  of  briquetting  was  made  in 
1894  in  the  interest  of  a  bog  ore  manganese  deposit.  I  made 
some  experiments  in  this  direction  and  then  my  attention  was 
attracted  to  the  much  larger  field  offered  by  iron  flue  dust, 
believing  that  if  manganese  ores  could  be  briquetted,  the  flue 
dust  could  be  handled  in  the  same  wav.  I  talked  the  matter 
over  with  the  late  Mr.  H,  M.  Currv  of  the  Carnegie  Steel 
Company,  who  said  that,  if  such  a  process  could  be  shown,  the 
company  with  which  he  was  connected  would  take  it  up:  first, 
with  a  view  of  briquetting  their  flue  dust  and  later  all,  or  a 
large  percentage  of  their  fine  ores. 

After  a  year  of  experiment,  in  1895  I  invited  some  officials 
of  the  Illinois  Steel  Company  and  the  Carnegie  Steel  Company 
to  witness  some  tests  of  iron  flue  dust  briquetting  at  a  plant 
where  I  had  installed  some  machinery  in  the  Qity  of  Chicago. 
This  demonstration  was  made  in  the  presence  of  Mr.  James 
Scott  of  the  Carnegie  Steel  Company  and  Mr.  C.  II.  Foote  and 
Mr.  C.  L.  Miller  of  the  Illinois  Steel  Company.  The  results  of 
the  test  were  such  that  an  arrangement  was  made  with  the  Illinois 
Steel  Company  whereby  we  were  to  briquette  for  them  1,500 
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nizefi  the  value  of  the  new  machine  and  took  all  of  tbeiu  that 
the  maDiifactiirers  could  produce. 

However,  the  endeavor  to  settle  once  for  all  the  problem 
of  flue  dust  brH{uetting  was  not  ended.  It  was  realized  that 
the  solution  of  this  prohlem  was  much  more  difficult  than  that 
of  the  handling  of  fines  at  precious  metal  smelting  works. 
One  main  reason  for  this  is  the  fact  that  the  tiny  particles  of 
iron  flue  dust,  as  they  are  whirled  about  by  the  blast  are  rounded 
until  each  particle,  when  seen  thiough  the  microscope,  appears 
as  round  as  a  marble.  In  addition  to  this,  each  little  piece  of 
ore  is  covered  with  a  greasy  carbon  coating  which  seems  to 
counteract  the  effect  of  a  binder.  For  these  reasons  it  has 
been  difficult  to  find  a  binder  that  would  give  a  briquette  with 
ail  the  conditions  we  were  looking:  for.  The  diflScuIties  mav, 
perhaps,  1^  better  realized  when  it  is  known  that  the  require- 
ments call  for  abri(iuette  that  shall  be  hard  and  durable;  water- 
proof; low  in  moisture;  able  to  stand  long  transportation  in 
oi)en  cars;  not  unduly  refractory  or  liable  to  decrepitate  or 
become  dust  again;  and  the  binding  agent  must  not  injure 
either  the  lining  of  the  furnace  or  the  quality  of  the  iron 
produced.  The  briquettes  must  be  produced  within  a  reason- 
able length  of  time  and  the  operation  must  be  automatic,  in 
that  the  material  must  not  be  handled  from  the  time  it  leaves 
the  dust  bins  until  the  finished  briquette  is  produced.  More- 
over, with  all  of  this,  the  cost  must  be  moderate  in  order  that 
there  shall  he  practically  no  additional  charge  of  expense  to  the 
furnace  burden. 

The  experiments  with  the  White  Mineral  Press  clearly 
showed  that  the  machine  was  impracticable  for  the  briquetting 
of  iron  Hue  dust  or,  in  fact,  for  the  successful  handling  of  any 
fine  material  of  a  gritty  nature,  owing  to  the  reasons  mentioned, 
and  to  the  fact  that  not  enough  pressure  was  obtainable.  The 
inventor  and  myself  went  to  work  once  more  to  do  away  with 
the  faults  that  we  had  discovered  in  our  first  combined  effort. 
The  result  of  this  was  two  more  machines.      One  of  them, 
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knowD  as  the  Improved  White  Mineral  Press,  was  patented  in 
1898.  It  is  a  "disc"  machine,  built  largely  on  the  Hues  of 
the  first  mineral  press,  but  with  many  impi-ovemenls  and  ia 
now,  unquestionably,  the  best  machine  of  this  type  on  the 
market.  Two  of  them  ai'e  now  operating  successfully  at  the 
smelter  of  the  Broken  Hill  Proprietary  Company  at  Port  Pirie, 
Australia. 


Fig.  2. 

Plan  view  ol  the  original  Wliit«  Mineral  Preae,  ehowiDg  tnold 

diec  and  pug  mills. 

But  the  main  fault  with  both  this  machine  and  its  pre- 
decessor lay  in  the  large  cost  of  repairs.  The  gi'ilty  nature  of 
the  flue  dust  acted  as  coarse  sand-paper  or  emery  on  the  molds 
and  necessitated  the  frequent  purchase  of  new  discs.  The 
discs  could  not  be  re-gi-ound  or  renewed;  it  took  three  men 
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nearly  half  a  day  to  replace  one;  a  new  disc  weighed  1,500  IbB., 
was  five  feet  in  diameter,  and  cost  about  $150.  This  heavy 
repair  cotjt  feature  had  to  be  eliminated. 

The  second  machine,  patented  in  1898,  which  we  believed 
would  do  away  with  the  faults  bhown  by  the  mineral  press,  was 
an  entirely  new  type,  and  was  called  the  White  Briquetting 
Press.  Instead  of  a  disc  arrangement  to  carry  the  molds  to 
the  point  where  the  pressure  was  exerted,  there  were  six 
molds  placed  in  a  reciprocating  press-box,  into  which  spring 
and  compression  plungers  were    thrust,  capable   of   exerting 


Fig.  3. 

Sectional  view  of  No.  2  White  Briquelting  Preaa,  showing  position  of  plungere, 

and  press  box. 

enormous  pressure.  These  molds  are  simple  in  design  and  can 
be  removed  and  re]>laced  at  a  nominal  cost.  As  they  sustained 
all  of  the  wear,  this  did  away  with  the  enormous  repair  cost 
essential  where  an  expensive  disc  was  used.  In  addition,  we 
gained  an  enormoiii^  amount  of  pressure. 

In  the  latter  part  of  the  year  in  which  these  two  machines 
trere  brought  out,  a  testing  plant  was  fitted  up  in  32nd  street, 
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oae  of  the  plunger  type  presses  was  ioBtalled  there  and  the 
experiBMBting  went  on  for  three  years.  Binder  after  binder 
was  tested  and  careful  records  of  each  experiment  were  kept. 
During  this  time,  tb©  process  of  briquetting  in  a  number  of 
fields  was  perfected  but  the  successful  handling  of  iron  flue 
duBt  was  still  beyond  our  grasp. 

A  little  over  a  year  ago,  the  testing  plant  was  shifted  to 
the  East  End,  where  we  had  more  room,  and  there  a  plant  was 
fitted  up,  complete  in  every  detail,  with  heating  and  drying 
apparatus  so  as  to  show  the  process  of  brtiinettiog  any  fine 


Fi,!.  4. 

No.  I  White  Briquetting  P.eas  a^  operated  at  present,  showing  aaxiliary 
machinery.    Capacily  of  this  press  is  100  tons  in  10  hours, 

material.  The  plunger  press  hatl  t>een  improved  in  many  small 
details,  although  the  principle  of  the  machine  remained  the 
same.  At  last  a  binder  was  discovered  that  would  hold  iron 
flue  dust,  iron  concentrates,  or  tine  iron  ores  in  hard  and  sat- 
isfactory briquettes,  but  it  took  1 2  hours  to  dry  them.  A  little 
more  experiment  and  investigation  and  we  arrived  at  the  point 
where  we  are  to-day,  with  a  patent  binder  and  drying  apparatus 
that  give  us  a  continuous  process  for  the  briijuettes  from  the 
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flue  dust  bins  to  the  finished  briquette  in  cars  or  storage  bins, 
the  whole  operation  taking  approximately  half  an  hour. 

After  telling  you  some  of  the  difScuIties  that  have  been 
encountered  in  solving  this  problem,  it  is  well  that  you  should 
know  wherein  lies  the  value  of  the  process  in  the  iron  and  steel 
industry.  All  of  you  know  that  flue  dust  exists  and  that  large 
quantities  of  it  are  lost  to  the  furnace  owners.  All  of  you 
have  probably  seen  that  fact  practically  demonstrated  in  Pitts- 
burg to  your  annoyance. 

Now  for  a  few  figures.  In  a  blast  furnace  producing  600 
tons  of  iron  per  day,  the  furnace  burden  approximates  640  tons 
of  coke;  375  tons  of  limestone;  and  1,085  tons  of  ore;  a  total 
of  approximately  2,000  tons.  Assuming  that  the  furnace 
managers  use  80  per  cent,  of  Mesaba  ore,  or  868  tons,  and  lose 
8  %  of  the  Mesaba  burden  in  flue  dust  (and  these  are  under  the 
actual  figures  if  anything),  what  does  this  mean  in  dollars  and 
cents?  It  means  that  every  24  hours  the  furnace  owners  are 
absolutely  throwing  away  70  tons  of  ore.  Estimating  the 
value  of  Mesaba  ore  in  Pittsburg  at  $3.50  a  ton,  this  means 
that  the  loss  in  flue  dust  alone  is  $245  a  day  or  $89,425  per 
year.  But  this  is  not  the  only  loss  occasioned  by  the  flue  dust. 
As  the  dust  is  carried  through  the  stoves  by  the  blast,  it  acts 
on  their  walls  and  on  the  boiler  flues  much  as  a  sand-blast  does, 
causing  damage  and  wear.  The  heavy  charge  of  fine  ore  in 
the  furnace  often  causes  clogging  and  slips,  often  times  resulting 
in  explosions  and  heavy  property  damage  and  sometimes  in  loss 
of  life.  The  amount  of  loss  sustained  in  this  way  cannot  be 
estimated  in  dollars  and  cents  even  approximately.  In  addition, 
there  is  the  damage  to  adjacent  property  owners  and  the 
annoyance  resulting  therefrom. 

By  the  briquetting  of  the  flue  dust  and  the  consequent 
reduction  of  the  percentage  of  fine  material  used  in  the  furnace, 
it  could  be  saved  to  the  furnace  owners.  Mind,  I  am  not 
claiming  that  the  briquetting  of  the  flue  dust  would  eliminate 
all  of  the  troubles  with  which  the  blast  furnace  manager  has  to 
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contend  at  present,  but  that  they  might  be  materially  lessened. 

And  this  is  not  all.  There  are  even  greater  things  that 
can  be  accomplished  by  briquetting.  In  1901,  using  the 
figures  and  tables  compiled  by  the  Iron  Trade  Review,  the  total 
shipment  of  ore  from  the  Lake  Superior  region  was  20,589,- 
237  tons.  Of  this  amount,  the  Mesaba  range  contributed  9,004,- 
890  tons,  or  about  44  per  cent.  The  amount  of  the  total  Lake 
Superior  shipments  that  came  to  Lake  Erie  ports  in  that  year 
was  17,014,076  tons.  Of  this  amount,  Buffalo  and  Erie, 
which  are  the  receiving  ports  for  ores  shipped  to  the  East, 
received  2,854,763  tons.  The  rest  went  to  Ohio,  West  Vir- 
ginia, and  Western  Pennsylvania  furnaces.  At  a  rough  ap- 
proximation, the  Pittsburg  district,  including  the  Mahoning 
and  Shenango  valleys  and  Wheeling,  received  about  1J,00(>,- 
000  tons,  and  it  is  fair  to  assume  that  the  total  of  Mesaba  ores 
used  in  this  district  bears  the  same  relation  to  the  total  of  all 
ores  used,  that  the  Mesaba  output  bears  to  the  total  of  the 
Lake  Superior  output,  namely  44  per  cent,  or  4,840,000  tons. 

Exact  and  exhaustive  analyses  of  all  ore  cargoes  shipped 
from  the  Mesaba  range  show  that  the  ores  carry  a  heavy  per- 
centage of  moisture.  In  1901,  from  a  tabulated  list  of  these 
analyses  compiled  by  the  ore  agents  of  the  big  steel  companies, 
the  lowest  percentage  of  moisture  shown  in  the  Mesaba  ship- 
ments was  in  ore  from  the  Franklin  mine  and  it  showed  7.457 
per  cent.  The  highest  percentage  was  in  ore  from  the  Dailey 
mine  and  amounted  to  15.59  per  cent,  and  the  average  amoimt 
of  moisture  in  the  Mesaba  output  from  52  mines  for  the  year 
was  10.57  per  cent.  In  other  words,  the  manufacturers  of 
iron  and  steel  in  the  Pittsburg  district  are  hauling  from 
Lake  Superior  and  paying  freight  on  511,580  tons  of  water. 
The  freight  rate  from  the  Mesaba  range  to  Pittsburg  is 
$2.35  a  ton.  On  this  basis  Pittsburg  manufacturers  are 
paying  $1,202,231  a  year  for  hauling  water  from  the  mines. 

With  the  use  of  briquetting  machinery,  this  waste  in 
freight  alone  can  be  saved  to  the  manufacturers,  in  addition  to 
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the  elimination  of  the  other  evils  of  which  I  have  spoken.  It 
is  quite  possible  to  briquette  the  fine  ores  at  the  mine.  After 
first  drying  the  material  and  driving  off  the  moisture,  then 
pressing  the  fine  ore  into  blocks,  the  raw  material  can  be 
brought  direct  to  the  furnaces  in  this  district  as  lump  ore  in 
bricks  that  are  waterproof  and  that  are  abundantly  able  to 
withstand  the  rough  usage  essential  in  transportation.  By  this 
means  all  of  the  evils  that  must  now  be  contended  with  arising: 
from  the  use  of  fine  ores,  can  be  absolutely  done  away  with. 
In  this  paper  I  have  been  able  to  give  only  a  rough  out- 
line of  this  seemingly  simple  but  really  complex  question.  I 
have  said  nothing  of  the  immense  field  for  briquetting  offered 
by  coke  braize,  culm,  slack,  iron  sands  and  a  host  of  other 
materials  that  we  have  experimented  with  in  addition  to  iron 
flue  dust  and  fine  iron  ores.  Suflice  it  to  say  that  we  have 
solved  that  problem  and  that  the  means  are  now  at  hand  for  the 
iron  and  steel  manufacturers  of  this  district  to  do  away  with  a 
large  number  of  evils  with  which  they  are  now  contending. 

DISCUSSION. 

The  President — The  very  interesting  paper  which  has 
'  just  been  read  is  now  open  for  discussion.  There  were  one  or 
two  minor  points  in  the  paper  which  interested  me  considerably. 
For  example,  Mr.  Mould  speaks  of  the  damage  done  by  iron  ore 
flue  dust  to  *  'adjacent  property  owners  and  the  annoyance  caused 
thereby."  I  gather  that  some  ''annoyance"  is  caused  hy  the 
property  owners  as  well  as  to  them.  And,  again,  I  do  not  know 
but  that  the  fact  that  the  manufacturers  of  Pittsburg  are  pay- 
ing over  a  million  of  doll«*jrs  for  hauling  water  from  the  mines 
may  account  for  the  extensive  "water"  which  is  said  to  be  in 
the  stock  of  some  of  their  companies. 

The  subject,  gentlemen,  is  open  for  discussion. 

Mh.  Hirsch — Mr.  President,  I  sent  out  a  number  of  let- 
ters to  draw  out  some  discussions  on  this  subject.  1  sent  quite 
a  great  many  to  furnace  owners  and  superintendents,  but  on  the 
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whole  received  very  few  replies.  Most  of  them  stated  they 
were  much  interested  in  the  subject  and  would  like  to  know 
something  about  it,  but  they  did  not  feel  prepared  to  take  part 
in  the  discussion.  I  received  a  reply  from  one  of  our  older 
members,  Mr.  Walter  E.  Koch,  formely  located  here  but  now 
in  the  south-west  (Mexico),  dated  Durango,  Mexico,  September 
10th. 

CONTRIBUTION   TO   DISCUSSION    BY    W.   E.   KOCH. 

Off  and  on  since  1876  I  have  been  trying  to  find  a  satis- 
factory method  of  briquetting  ores  and  flue  dust,  and  just  now 
1  am  striving  in  the  same  direction.  When  the  flue  dust  is  hot 
the  l)est  way  is  to  frit  or  clinker  it  in  a  suitable  furnace  and 
return  the  hot  clipkers  to  the  blast  furnace.  If  cold  it  is  a 
more  diflicult  proposition.  Recently  I  have  visited  many 
smelters  both  in  the  United  States  and  Mexico,  and  practically 
1  see  no  advances  over  the  methods  in  vogue  twentj'  years  ago. 

The  machinery  is  better  and  the  fashion  of  briquetting  is 
a^ain  to  the  front,  but  the  briquettes  are  as  brittle  as  ever  and 
I  notice  many  falling  apart  before  they  reached  the  furnace, 
and  a  large  proportion  broken  up  on  charging.  It  seems  to  me 
there  was  quite  half  of  them  to  make  over  again.  During 
frosty  weather  when  they  freeze  solid  they  work  far  better  than 
at  any  other  time,  and  though  this  may  work  in  Montana,  it 
does  not  in  Mexico.  It  seems  to  me  that  lime  is  often  a  very 
poor  binding  material,  and  heat  and  pressure  combined  are  not 
economical.  Still  I  believe  it  is  possible  to  produce  a  briquette 
as  hard  as  a  baked  brick  at  a  reasonable  cost,  but  each  smelter- 
man  must  find  a  binding  material  suitable  to  his  ores  and  dust. 
I  have  tried  heat  and  compression,  besides  various  kinds  of 
binding  material,  but  what  will  make  a  good  briquette  with  one 
ore,  fails  completely  with  another.  At  one  smelter  I  saw  a 
modern  machine  with  endless  belt,  delivering  briquettes  very 
fast,  but  quite  half  of  them  were  cracked,  and  I  feel  sure  more 
than  half  went  back  into  the  flues — they  were  a  very  tender  lot. 
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The  flue  dust  problem  still  awaits  solution  and   the  modern 
briquetting  machine  has  but  very  slightly  solved  it. 

Briquetting  of  ores  is  not  new,  we  made  tons  of  them  in 
South  Wales  in  1875-6,  until  the  fashion  went  out  like  crinolines 
and  patches,  and  the  machinery  in  use  was  just  like  that  used 
nowadays.  I  think  the  first  machines  came  from  Belgium  or 
North  of  France. 

DISCUSSION. 

Mr.  Mould — It  is  quite  true,  as  the  gentlemen  says, 
(referring  to  Mr.  Koch's  letter)  that  it  is  necessary  to  work 
out  each  problem  of  briquetting  by  itself.  There  is  a  vast 
difference  in  the  ores  which  are  to  be  briquette<l,  and  what  will 
successfully  bind  one  will  not  successfully  operate  the  other. 
When  the  improved  methods  of  roasting  ores  came  into  vogue, 
that  is,  when  the  ore  was  crushed  up  tine  and  roasted  in  its  fine 
condition,  the  smellers  have  apparently  been  satisfied  with 
briquettes  that  certainly  would  not  be  acceptable  in  an  iron 
blast  furnace.  The  requirements  are  not  nearly  so  severe  in 
these  smelters,  and  while  it  is  quite  true  that  the  briquettes 
made  with  the  first  press  we  put  on  the  market,  that  is,  the 
White  Mineral  Press — and  there  are  quite  a  number  of  these 
presses  in  operation — it  was  impossible  to  make  biiquettes  that 
would  stay  together  with  any  degree  of  satisfaction.  Most  of 
the  smelters  used  simply  slack  lime  as  a  binder  and  would  take 
the  briipiettes  from  a  carrier  belt  and  let  them  dry  naturally. 
With  our  later  types  of  presses,  we  have  been  able  to  do  very 
much  better  work  using  simply  lime  as  a  binder  and  I  do  not 
think  the  gentlemen  (Mr.  Koch)  could  have  visited  plants  where 
out  latest  machines  are  in  use,  otherwise  he  would  have  seen 
different  results.  For  instance,  at  the  plant  of  the  United 
Verde  Copper  Company' — Senator  Clark's  company — they  are 
making  briquettes  without  any  binder,  simply  relying  on  pres- 
sure and  a  silicious  ore,  and  the  briquettes  are  dropped  seven 
feet  from  the  end  of  the  carrier  belt.  Even  under  these  con- 
ditions there  is  apparently  little  breakage.     With  the  process 
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we  now  have  perfected  for  iron  blast  furnaces,  and  which  will 
be  available  for  the  smelters  when  we  can  produce  binders  in 
the  western  country,  the  briquettes  will  be  put  through  a 
tunnel  dryer  where  they  will  be  subject  to  a  temperature  of 
500  degrees  for  twenty  minutes,  at  the  end  of  which  they  may 
be  dropped  20  or  30  feet  without  danger  of  breakage.  This 
would  certainly  seem  to  meet  all  the  requirements  of  a  good 
briquette.  The  Belgian  process  about  which  the  gentleman 
speaks  is  one  in  which  the  eggette  type  of  press  is  employed, 
and  this  machine  is  not  available  for  ore  briquetting  unless  it 
happens  to  be  a  very  silicious  or  clayey  ore. 

A  Member — I  noticed  that  Mr.  Mould  spoke  of  the 
interest  of  this  subject  to  furnace  managers,  but  he  did  not  give 
as  any  idea  of  the  actual  cost  of  briquetting  the  ores.  This 
would  be  quite  an  item  in  figuring  the  total  saving.  If  the 
cost  of  briquetting  should  be  at  all  large,  it  would  materially 
reduce  the  saving  effected. 

Mr.  Mould — In  answer  to  the  gentleman  I  would  say  that 
while  we  have  not  gotten  the  cost  down  to  where  we  expect  to 
be  able  to  put  it,  our  proposition  at  the  present  time  to  blast 
furnace  owners  is  that  we  will  give  them  a  complete  briquett- 
ing plant  and  guarantee  that  the  cost  of  briquetting  shall  not 
exceed  75  cents  per  ton.  We  expect  to  be  able  to  reduce  that 
figure  very  considerably. 

A  Member — I  would  like  to  ask  Mr.  Mould  if  he  has  ever 
briquetted  zinc  ore  flue  dust. 

Mr.  Mould — I  am  not  quite  certain  on  that  point.  We 
have  had  all  sorts  of  fine  ores  and  material  sent  to  us  for  ex- 
perimenting, but  I  have  not  kept  complete  run  of  this  part  of 
the  work.  I  know,  however,  we  have  had  more  or  less  cor- 
respondence with  the  zinc  ore  people,  but  whether  we  have  done 
any  actual  experimenting  in  that  direction,  I  cannot  say.  We 
are,  however,  ready  to  experiment  with  any  fine  ore. 

Mr.  Baltzell-t-I  wonder  if  Mr.  Mould  thinks  briquett- 
ing the  ore  would  reduce  the  fuel  required  in  any  way  ? 
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Mr.  Mould — No,  there  is  no  reduction  in  the  amount  of 
fuel  required  in  the  furnace.  All  that  we  profess  to  do  is  to 
take  the  fine  ore  or  flue  dust  and  put  it  in  the  form  of  lump  ore. 
There  have  been  seme  experimenls  made  with  reference  to 
mixing  coke  dust  with  ore,  but  Ihey  have  not  gone  far  enough 
to  attain  any  definite  results,  and  there  has  not  been  an  oppor- 
tunity to  get  any  furnace  tests  or  any  other  tests  which  would 
really  give  us  a  solid  basis  to  talk  about  in  that  line. 

Mr.  Flanagan — Mr.  Mould  in  referring  to  the  word 
* 'briquette"  remarked  that  they  made  various  sizes  and  shapes. 
It  might  interest  some  of  us  to  know  in  what  sizes  anfl  shapes 
these  briquettes  are  made. 

He  also  referred  to  the  cost  of  transporting  the  Avater  in 
the  ores  from  the  mines  to  the  furnaces.  It  might  be  of  inter- 
est to  state  what  eflPect  the  moisture  in  the  ores  has  in  the 
operation  of  the  furnace — whether  there  is  any  marked  advan- 
tage in  using*  the  briquette  form  of  fuel  in  this  respect. 

Mr.  Mould  also  referred  repeatedly  to  lime  as  a  binder  and 
it  would  be  of  interest  to  know  what  other  materials  besides 
lime  are  in  general  use  for  that  purpose. 

Mr.  Mould — The  standard  size  of  brick  made  at  the 
present  time  is  3^"  in  diameter  by  about  3"  in  thickness.  We 
can  also  make  cylindrical  shapes — with  the  White  press  they 
must  be  cylindrical — in  two  sizes,  3^"  and  2"  in  diameter.  We 
cannot  make  rectangular  shapes  to  advantage. 

With  reference  to  the  moisture  in  the  ore,  I  am  not  suflS- 
ciently  familiar  with  actual  blast  furnace  practice  to  make  any 
statement  as  to  what  essential  benefit  there  would  be  in  feeding 
furnaces  with  dry  ore  rather  than  with  ore  containing  a  certain 
amount  of  water.  Naturally  that  moisture  in  the  ore  is  evapo- 
rated at  the  top  of  the  furnace;  but  whether  there  is  a  sufficient 
quantity  of  gases  to  do  that  work  at  practically  no  expense,  or 
whether  there  would  be  a  benefit  by  having  such  gas  put  to 
some  useful  purpose  if  it  was  not  used  in  evaporating  the  water 
from  the  ore,  I  am  unable  to  say.     The  only  point  I  make  with 
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reference  to  separating  the  water  from  the  ore  is  this :  that 
if  it  is  not  needed  or  wanted  for  any  purpose,  and  if  there  is  an 
average  of  10^  of  moisture  in  the  fine  ores  which  could  be 
eliminated  before  hauling,  it  certainly  would  save  a  large  item 
in  freight.  I  believe  there  is  a  movement  on  foot  at  the  present 
time  with  reference  to  drying  Mesaba  ores,  that  is,  taking  out 
such  moisture  as  can  be  taken  out,  and  yet  not  have  it  so  dusty 
that  any  great  quantity  will  blow  away.  Some  years  ago  there 
was  some  experimenting  done  by  the  Carnegie  Steel  Company, 
at  Conneaut,  in  drying  ores  by  taking  all  the  moisture  out;  but 
there  was  so  much  loss  by  blowing  away  of  the  dry  ore  that 
the  scheme  was  given  up.  Now  my  claim  is  that  the  process 
of  briquetting  will  be  so  perfected  and  so  cheapened  that,  taking 
the  benefits  which  come  by  reason  of  using  lump  instead  of  fine 
ores,  these  benefits  will  more  than  compensate  for  the  cost  of 
briquetting,  and  in  that  way  show  a  profit  in  the  operation. 

With  reference  to  the  binder,  the  almost  general  practice 
in  this  connection,  so  far  as  the  smelter  people  are  concerned, 
is  the  use  of  simply  lime.  We  have,  however,  plants  in  oper- 
ation in  which  molasses  waste  is  the  base,  and  in  others  dextrine 
is  used  as  a  base.  For  fuel  briquetting,  the  general  binder 
used  in  foreign  countries  is  coal  tar  pitch.  We  have  used  coal 
tarjpitch,  and  also  petroleum  residue  and  molasses  waste,  with 
other  ingredients.  The  binder  part  of  the  question  is  to  a 
certain  extent  a  secret.  There  are  many  formulae  for  binders 
which  have  been  patented,  but  a  composition  patent  is  not  of 
much  strength,  and  I  do  not  suppose  there  is  a  legitimate 
business  to-day  in  connection  with  which  there  are  so  many 
cranks  at  work  as  on  the  binder  proposition.  We  hear  from 
people  all  over  the  world  who  think  they  have  the  only  binder. 
Our  testing  plant  is  always  open,  however,  to  these  people,  so 
that  their  binders  mav  be  tried  out,  and  when  the  actual  test  is 
made  the  most  of  them  fall  far  short  of  the  mark. 

Mk.  Glaubitz — Have  you  ever  heard  of  the  binding  being 
accomplished  by  simply  mixing  with  the  ore  some  substances, 
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or  substance,  which  acts  chemically  or  through  a  drying  effect 
to  produce  a  material  hard  enough  to  be  put  into  a  furnace, 
without  the  use  of  mechanical  pressure  ? 

Mr.  Mould — Do  1  understand  you  to  mean  that  by  simply 
mixing  the  ore  and  the  binder,  not  pressing  it  into  form  at  all  ? 
No,  I  never  have  heard  of  anything  of  that  kind.  The  mechan- 
ical operation  is  not  at  all  expensive,  the  principal  cost  being 
the  cost  of  the  binder.  The  automatic  handling  of  the  mate- 
rial and  the  pressing  of  it  is  so  slight  in  its  cost  as  not  to  be  a 
figure. 

The  President — Does  the  binder  increase  the  weight  of 
the  material  ? 

Mr.  Mould — Only  to  the  extent  to  which  it  is  added.  For 
example,  if  we  used- 10^  of  binder,  it  would  add  10%  to  the 
material. 

The  President — And  it  would  cost  over  $1,000,000  to 
haul  it  down  to  Pittsburg  ? 

Mr.  Mould — I  agree  with  you  that  if  the  binder  figured 
out  10^^  of  the  weight  of  the  ore,  there  would  not  be  so  much 
in  saving  of  freight  over  the  water.  I  used  10%  merely  to 
illustrate.  With  process  as  it  is  now,  it  would  add  about  one- 
half  of  one  per  cent,  in  weight. 

Mr.  Lincoln — How  much  moisture  is  there  left  in  the 
bricks  ? 

Mr.  Mould — They  are  absolutely  dry.  They  must  be 
after  being  subjected  to  a  temperature  of  500  degrees  for 
twenty  minutes. 

Mr.  Klindworth — I  would  like  to  ask  Mr.  Mould  as  to 
the  cost  of  a  plant  for  one  furnace,  say,  with  a  capacity  of  600 
tons  of  iron  daily;  also  the  space  required  for  such  a  plant? 

Mr.  Mould — Do  you  mean  for  a  plant  briquetting  600 
tons  per  day  ? 

Mr.  Klindworth — I  mean  for  a  600  ton  furnace. 

Mr.  Mould — That  would  practically  be  900  tons  of  ore. 
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The  cost  of  such  a  plant  would  be,  in  round  figures,  about 
$75,000;  the  space  required  about  200''x250\ 

Mr.  Klindworth — I  might  also  ask  what  the  depreciation 
and  repair  accounts  be  each  year. 

Mr.  Mould — That  is  rather  a  difficult  question  to  answer, 
bacause  we  have  no  records  of  the  repair  cost  for  any  of  the 
plants  we  have  in  operation.  We  have  about  48  plants  with 
the  present  type  of  press  in  operation,  and  with  two  or  three 
exceptions  the  parties  owning  these  plants  do  their  own  repair 
work  or  have  it  dpne  locally.  About  all  there  is  to  replace  are 
the  mould  liners^.  We  hav^  no  accurate  data  with  reference  to 
the  renewal  cost.  It  has  been  reported  to  us  by  some  smelters 
as  amounting  to  one-half  cent  per  ton  of  briquettes  produced. 
During  the  three  years  that  the  first  presses  of  this  type  have 
been  in  operation  there  have  been  no  renewals  of  the  main  parts 
of  the  machine,  and  the  mould  liners  or  plungers  only  have 
worn. 

Mr.  Flanagan-7-To  go  back  to  the  relative  weight  of  the 
removed  and  the  weight  of  the  binder  put  in,  I  judge  from  the 
tenor  of  Mr.  Mould's  remarks  that  he  would  take  the  position 
that  the  binder  put  in  is  really  useful  either  as  a  f nel  or  per- 
haps, if  non-combustible,  as  a  flux  so  that  he  would  doubtless 
claim  that  the  manufacturers  would  not  be  paying  freight  on 
something  absolutely  useless  as  in  the  case  of  the  moisture. 

The  President — If  there  are  no  further  remarks,  we  will 
pass  on  to  the  second  paper  of  the  evening. 

I  called  attention  at  the  last  meeting  to  the  fact  that  here 
in  Pittsburg,  with  its  two  or  three  rivers,  we  have  a  great  many 
bridges;  also  that  the  bridge  engineers  seemed  to  be  a  very 
inventive  class,  since  according  to  my  observation  there  are  no 
two  bridges  alike,  and,  moreover,  when  it  becomes  necessary 
to  replace  a  bridge,  we  are  sure  to  have  a  type  differing  from 
the  original  structure.  The  different  bridges  about  the  city 
which  are  familiar  to  all  of  us  afford  what  might  be  termed  a 
contemporaneous  comparison;  but  we  are  to  have  this  evening 
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a  different  form  of  comparison.  We  expect  to  go  back  into 
history  a  little  way  and  learn  something  of  the  evolution  of  the 
bridges  here  in  Pittsburg.  One  of  the  papers  which  formed 
part  of  the  program  of  our  last  meeting  was  a  description  of 
the  new  double-deck  bridge  which  is  being  constructed  across 
the  Allegheny  river.  The  paper  we  have  this  evening  could 
properly  have  been  given  in  connection  with  that  paper,  but 
unfortunately  was  not  available  at  that  time.  I  take  great 
pleasure  in  introducing  Mr.  Antes  Snyder,  one  of  our  oldest 
members. 
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PENNSYLVANIA  COMPANY'S   BRIDGE   AT        \J 
ELEVENTH  STREET,  CROSSING  THE 
ALLEGHENY  RIVER. 

BY    ANTES   SNYDER. 

I  listened  with  great  interest  to  the  paper,  read  at  our 
September  meeting,  by  E.  A.  Amaden,  C.  E.,  describing  the 
double-deck  bridge  now  under  course  of  construction  by  the 
American  Bridge  company  for  the  Pennsylvania  lines,  cross- 
ing the  Allegheny  river,  near  Eleventh  street,  Pittsburg,  and 
in  that  connection  would  call  your  attention  to  that  locality  as 
being  one  of  great  interest  to  the  profession. 

It  seems  to  me  that  the  subject  should  not  be  dropped 
without  a  brief  history  of  the  public  improvements  which 
formerly  occupied  this  vicinity,  as  I  believe  a  little  history 
will  be  acceptable  to  the  Engineers  and  do  us  all  some  good. 
The  acqueduct,  which  carried  the  Pennsylvania  canal  over  the 
AUeghenv  river  and  into  Pittsburs:  at  the  foot  of  Washioffton, 
now  Eleventh,  street,  was  immediately  above  this  double-lrack 
bridge  and  within  a  stone's  throw  of  its  site.  When  Nathan  P. 
Roberts,  the  engineer  of  the  Western  division  of  the  Pennsyl- 
vania canal,  which  comprised  the  canal  between  Johnstown  and 
Pittsburg,  proposed,  in  1827,  to  carry  the  canal  over  the  Alle- 
gheny river  at  this  point  by  a  timber  acqueduct,  with  spans  of 
one  hundred  feet  in  length,  he  met  with  earnest  opposition  and 
plenty  of  ridicule.  The  construction  of  an  acqueduct  with 
such  long  spans  was  looked  upon  by  many  as  impracticable, 
and  Mr.  Roberts'  plans  provoked  very  widespread  and  heated 
discussion. 

The  canal  commissioners  finally  sent  a  commission,  con- 
sisting of  two  of  the  most  eminent  engineers  in  their  employ, 
from  Philadelphia  to  inquire  into  and  report  upon  the  practica- 
bility of  the  construction  proposed  by  Mr.  Roberts.  These 
engineers  came  to  Pittsburg,  examined  into  Mr.  Roberts'  plans 
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and  reported  in  favor  of  carrying  them  out,  and  Mr.  Roberts 
built  bis  acqneduct.  It  consisted  of  seven  spans  of  one  hun- 
dred feet  each,  and  cost  $108,000,  and  was  completed  in  1828- 
It  continued  in  use  until  1843,  when  it  was  destroyed  by  fire. 
At  the  time  of  building  thib  acqueduct  there  was  a  highway 
bridge  extending  from  St.  Clair  street,  now  Sixth  street,  Pitts- 
burg, across  the  Allegheny  river  to  Federal  street,  Allegheny 
City,  built  at  a  cost  of  $100,000.  There  was  another  highway 
bridge  extending  from  Smitbfield  street,  Pittsburg,  across  the 
Monongahela  river  to  the  South  Side,  built  at  a  cost  of  $110,- 
000.  These  two  highway  bridges  and  the  canal  acqueduct 
allowed  of  a  clearance  of  thirty-five  feet  above  low  water,  and 
this  seems  to  have  been  ample  for  the  needs  of  navigation  in 
the  Allegheny  and  Monongahela  rivers  as  it  was  carried  on 
at  that  time.  I  have  no  doubt  that  the  canal  men,  like  navi- 
gators of  a  later  date,  could  not  see  anything  worthy  of  com- 
mendation in  any  system  of  transportation  but  their  own,  and 
looked  upon  the  presence  of  the  Allegheny  river  right  in  the 
path  of  the  canal  as  a  great  obstacle  to  navigation.  This  canal 
acqueduct  was  used  very  generally  by  the  public  of  Pittsburg 
and  Allegheny  as  a  means  of  communication,  in  addition  to  its 
use  for  the  passage  of  boats,  and  for  this  additional  use  the 
canal  commissioners  collected  extra  tolls. 

After  the  destruction  of  the  Roberts  acqueduct  by  fire 
in  184ii  there  was  quite  a  controversy  between  the  canal  com- 
missioners and  the  city  of  Pittsburg  as  to  its  reconstruction. 
I  have  never  understood  the  merits  of  this  controversy,  but  it 
resulted  in  the  city  entering  into  a  contract  with  the  canal 
commissioners  by  which  it,  the  city,  agreed  to  repair  the  piers 
and  abutments  and  rebuild  the  acqueduct  at  their  own  cost  and 
expense,  and  was  to  be  allowed  to  collect  this  extra  toll  until 
they  were  repaid  for  their  outlay.  The  city  then  entered  into 
contract  with  John  A.  Roebling  to'repair  the  piers  and  build  a 
wire  suspension  acqueduct  of  the  same  length  of  span  as  the 
Roberts  acqueduct.     This  character  of  construction  was  quite 
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as  great  d  novelty  at  that  time  and  caused  as  earnest  and 
widespread  discussion  as  did  Mr.  Roberts'  hundred-foot  spans 
in  1827.  Mr.  Roebling,  however,  built  his  suspension  acque- 
duct,  and  it  did  not  fall  down,  as  many  doubting  Thomases 
predicted,  but  continued  in  use  by  the  canal  until  its  abandon- 
ment in  1861-62,  when  it  was  torn  down  and  removed. 

I  do  not  know  the  details  of  the  construction  of  either  the 
Roberts  or  Roebling  acqueducts,  but  before  dropping  this  sub- 
ject, would  add  that  the  city  of  Pittsburg  collected  enough 
tolls  to  repay  her  outlay  in  rebuilding  the  acqueduct  long  before 
the  final  removal. 

The  original  bridge  of  the  Ohio  &  Pennsylvania  railroad, 
now  the  Pittsburg,  Fort  Wayne  &  Chicago  railway,  at  the 
'point  where  the  double-deck  bridge  is  being  built  over  the 
Allegheny  river,  was  a  Ilowe  truss  timber  bridge  with  arches. 
It  was  built  in  1857,  and  was  a  bone  of  contention  then  as 
now.  Its  construction  enabled  the  Ohio  &  Pennsylvania  rail- 
road to  run  its  trains  to  their  Penn  Street  station. 

For  some  years  previous  to  this  time  Pittsburg  and  Al- 
legheny, in  common  with  other  municipalities,  believed  in  the 
policy  of  preventing  the  running  of  through  trains  from  the  east 
to  the  west  and  vice  versa,  and  in  carrying  out  this  policy,  which 
they  believed  to  be  very  beneficial  to  their  cities,  did  all  in  their 
power  to  prevent  this  extension  of  the  Ohio  &  Pennsylvania 
railroad  through  Allegheny  City  and  over  the  Allegheny  river 
to  a  connection  with  the  Pennsylvania  railroad,  thus  continuing 
the  transfer  by  omnibus  and  drays  of  passengers  and  freight 
between  the  Penns3^1vania  railroad  in  Pittsburg,  and  the  Ohio 
and  Pennsylvania  railroad  at  Federal  street  in  Allegheny  from 
1852  to  1857.  This  transfer  employed  a  small  army  of  hack 
drivers  and  draymen,  who  were  a  very  important  factor  in  the 
affairs  of  the  two  cities,  and  always  took  a  prominent  part  in 
all  processions  and  public  demonstrations.  These  transfers 
were  estimated  by  the  engineers  of  the  Pennsylvania  railroad  as 
equivalent  to  the  addition  of  seventy-five  miles  to  the  haul  be- 
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tween  Philadelphia  and  Pittsburg.  The  canal  was  at  that  time 
owned  and  operated  by  the  Commonwealth  of  Pennsylvania, 
and  it  was  only  after  its  purchase  by  the  Pennsylvania  railroad 
in  1867  that  the  Ohio  &  Pennsylvania  railroad,  or  the  Pittsburg, 
Fort  Wayne  &  Chicago  railway,  secured  permission  to  cross 
the  canal,  which  it  was  necessary  to  do  in  order  to  reach  the 
Allegheny  river.  The  permission  of  Allegheny  City  to  cross 
its  streets  was  coupled  with  the  condition  that  the  railroad 
company  should  construct  and  maintain  a  foot  way  on  the  up- 
per side  of  the  bridge  to  be  used  by  the  public  in  crossing  the 
river  free  of  charge  This  bridge  over  the  Allegheny  river 
was  only  constructed  after  the  Pennsylvania  railroad  company 
had  subscribed  for  sufficient  stock  of  the  Ohio  &  Pennsylvania 
railroad  to  furnish  the  necessary  funds  for  the  same.  The 
bridge  of  1857  was  replaced  by  a  wrought  iron  lattice  bridge 
in  1864,  and  this  is  to  be  replaced  by  the  double-deck  bridge 
now  under  way.  In  1868  the  Ohio  &  Pennsylvania  railway 
extended  its  track  across  Penn  street.  Liberty  street  and  Grant 
street,  and  into  the  Pennsylvania  railroad  station  on  Grant 
street  —thus  finally  doing  away  with  the  vexatious  and  costly 
transfers,  for  while  they  could  not,  on  account  of  the  difference 
of  gauge  of  one  and  one-half  inches  interchange  their  rolling 
stock,  they  could  then  transfer  from  car  to  car  standing  on  ad- 
joining tracks.  This  extension  of  the  track  over  Perm  and 
Liberty  streets  was  very  vigorously  resisted  by  a  portion  of 
the  citizens  of  Pittsburg.  I  rememl)er  when  living  on  the 
banks  of  the  Susquehanna  river  hearing  my  father  read  in  the 
newspapers  of  the  day  of  the  great  excitement  in  Pittsburg 
when  this  track  was  laid,  and  when  I  came  to  Pittsburg  in  1863 
this  Penn  street  crossing  was  one  of  the  first  points  I  visited. 
This  double-deck  bridge  now  under  course  of  construction  may 
be  considered  as  embodying  the  best  practice  of  the  bridge 
builders  of  to-day,  and  as  illustrating  how  great  the  progress 
has  been  in  these  few  years,  I  have  plans  of  a  few  of  the  early 
bridges. 
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The  first  is  an  elevation  of  the  permanent  bridge  built  by 
Timothy  Palmer  in  1804  to  carry  Market  street,  Philadelphia 
over  the  Schuylkill  river  with  a  central  span  of  two  hundred 
and  ten  feet.     It  was  framed  of  timber. 

The  second  is  an  engravinor  of  the  timber  bridge  built  in 
1833  by  the  Commonwealth  of  Pennsylvania  to  carry  the 
Philadelphia  &  Columbia  railroad  over  the  Schuylkill  river  at 
the  foot  of  the  Schuylkill  incline  plane  at  Peters  Island  near 
Philadelphia.  It  was  known  as  the  *  'Great  American  Viaduct, ' ' 
being  987  feet  long,  the  longest  I'ailroad  bridge  in  the  world. 
It  was  built  upon  the  Burr  principle,  and  was  used  for  both 
railroad  and  highway. 

The  third  is  a  drawing  of  one  span  of  the  first  iron  bridge 
constructed  upon  the  Pennsylvania  railroad.  This  bridge  con- 
sisted of  five  spans  of  seventy-five  and  eight-tenths  feet  each, 
and  was  built  in  1850  to  carry  the  Pennsylvania  railroad  over 
the  Conemaugh  river  at  Johnstown.  This  bridge  was  replaced 
some  fifteen  years  later  by  an  iron  bridge  of  more  modern  de- 
sign, and  it  in  turn  was  replaced  in  1887  by  the  four  track  stone 
viaduct.  This  iron  bridge  of  1860  is  still  in  use  and  carries 
one  of  the  streets  of  Jeannette  over  the  Pennsylvania  railroad. 

The  fourth  is  an  elevation  of  a  half  span  of  the  channel  span 
of  the  iron  bridge  designed  by  J.  H.  Lenville  C.  E.,  and  erected 
in  1863  to  carrv  the  Pan-Handle  railroad  over  the  Ohio  river 
at  Steubenville.  The  same  construction  was  used  in  the  channel 
span  of  the  Pan-Handle  bridge  over  the  Monongahela  river  at 
Pittsburg  and  is  still  in  use.  These  are  but  a  few  examples  of 
early  bridgeconstruction,  but  they  serve  to  illustrate  the  immense 
strides  that  have  been  made  in  that  department  of  engineering. 
I  have  a  very  tender  regard  for  the  memory  Of  these  early 
engineers.  They  did  not  have,  as  we  have,  the  experience  of  the 
past  to  guide  them,  nor  the  appliances  that  we  have  for  carrying 
on  the  work,  and  in  addition  were  compelled  to  educate  the 
skilled  workmen  required  to  carry  out  their  plans.  They  were 
men  of  courage  and  resources,  such  men  as  Nathan  S.  Roberts 
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Engineer  of  the  Western  dirision  of  the  Pennsylvania  canal, 
who,  when  he  found  he  could  not  get  suitable  hydraulic  cement 
for  his  masonry,  built  a  mill  at  Johnstown  and  made  his  own 
*cement,  and  a  very  good  article  he  made,  as  the  writer  has  rea- 
son  to  know  from  having  torn  down  masonry  constructed  by 
him,  or  John  A.  Roebling,  who,  when  he  could  not  get  wire 
suitable  for  his  suspension  acqueduct,  had  it  drawn  at  Saxon- 
burg  in  Butler  County  under  his  own  supervision,  and  sent  it 
by  canal  from  Freeport  to  Pittsburg,  and  many  other  engineers 
upon  these  early  public  works,  whose  names  and  space  forbid 
my  mention.  There  passed  away  only  a  few  weeks  ago  in 
Philadelphia,  W,  H.  Wilson,  a  man  who  was  engaged  as  an 
engineer  on  the  construction  of  the  Philadelphia  &  Columbia 
railroad  more  than  70  years  ago.  It  seems  almost  beyond  be- 
lief that  all  the  development  of  railways,  amounting  to  some 
200,000  miles  in  the  United  States  alone,  has  occurred  during 
the  professional  life  of  this  engineer.  These  early  engineers 
received  the  support  of  many  public  spirited  men  of  their  day, 
but  by  the  general  public  were  looked  upon  as  visionaries  or- 
fools. 

The  Pennsylvania  Railroad  Company  was  chartered  to  build 
a  railroad  from  Harrisburg  to  Pittsburg.  The  Harrisburg, 
Portsmouth,  Mount  Joy  &  Lancaster  Railroad  Company  was 
chartered,  in  1836,  to  build  a  railroad  from  Harrisburg  to  Lan- 
caster, there  to  connect  with  the  Philadelphia  &  Columbia  Rail- 
road, and  form  the  link  necessary  to  a  through  railroad  from 
Harrisburg  to  Philadelphia.  General  Simon  Cameron,  who,  by 
the  way,  was  not  an  engineer,  was  greatly  interested  in  the  build- 
ing of  this  link,  and  traveled  through  Lancaster  County  holding 
public  meetings  and  urging  the  hard-fisted  farmers  to  subscribe 
to  the  stock  of  the  company.  At  one  of  these  meetings  he  be- 
came very  much  excited,  when  enlarging  upon  the  advantages 
to  be  derived  from  the  building  of  this  railroad,  and  wound  up 
his  speech  by  saying  that  he  expected  to  live  to  see  the  day  that 
he  could  eat   his  breakfast  in  Harrisburg  and  his  supper  in 
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Philadelphia.  After  the  meeting  be  met  one  of  his  hard-fisted 
farmer  friends  who  remarked:  "Well,  Simon,  it's  all  right  for 
you  to  talk  that  way  to  the  boys,  it  tickles  them,  but  don't 
think  you  can  get  me  to  ))elieve  any  such  nonsense  as  that." 
Now  General  Cameron  not  only  built  his  railroad,  but  he  lived 
to  see  the  day  that  he  could  take  his  breakfast  in  Pittsburg  and 
his  supper  in  New  York  City.  In  the  summer  of  1851  James 
Burns,  State  Superintendent  of  the  Public  Works  of  Penn- 
sylvania tells  how  he  met  J.  Edgar  Thompson,  Chief  Engineer 
of  the  Pennsylvania  Railroad,  at  Duucansville,  and  asked  him 
how  he  was  going  to  haul  cars  over  the  mountains,  and  he,  Mr. 
Thompson,  replied  ''by  locomotives. "  Then  I  saw  that  the  man 
was  a  fool;  I  thought  I  would  find  out  how  big  a  fool  he  was,  so 
I  asked  him  how  long  he  expected  a  train  to  be  in  running  from 
Philadelphia  to  Pittsburg.  "Fifteen  houis,"  he  said.  Then  I 
knew  the  man  was  a  howling  idiot  and  left  him.  I  have  brought 
these  two  incidents  to  your  notice  to  illustrate  the  hostile  public 
opinion  these  early  engineers  had  to  meet  and  overcome.  The 
fact  was  that  no  one,  engineer  or  civilian,  realized  the  grand 
possibilities  of  the  development  of  the  locomotive  engine.  Mr. 
Allen,  Engineer  of  the  South  Carolina  Railroad,  in  reporting  to 
the  Board  of  Directors  of  his  company  gave  as  one  of  his  rea- 
sons for  preferring  locomotives  to  horses  for  the  operation  of 
his  railroad,  that,  ''While  we  could  all  of  us  judge  of  the  proba- 
ble improvement  in  the  breed  of  horses,  no  man  could  put  a 
limit  to  the  improvement  of  the  breed  of  locomotives."  You 
will  agree  with  me  that  this  was  very  good  horse  sense.  All 
this  is  a  digression  from  the  subject  of  this  paper,  but  I  cannot 
refrain  from  referring  to  the  early  engineers.  They  were  the 
pioneers  of  our  profession,  and  blazed  out  the  way  for  us  to 
follow — they  laid  the  foundation  for  the  wonderful  development 
of  this  great  City  of  Pittsburg  and  the  great  Commonwealth  of 
Pennsylvania.  They  gave  these  a  start  in  the  march  of  devel- 
opment and  progress  which  they  have  never  lost.  This  is  a 
large  subject,  and  I  do  not  pretend  to  attempt  to  do  it  justice. 
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I  only  refer  to  it  now  because  I  find  it  impossible  to  refrain 
from  taking  advantage  of  this  opportunity  to  pay  my  tribute 
to  the  memory  of  these  early  engineers  and  to  ask  you  to  da 
the  same. 

DISCUSSION. 

Mr.  Yardley — In  connection  with  the  feats  which  some 
of  our  old  bridge  engineers  performed,  I  would  like  to  tell  a 
story  which  I  heard  at  the  American  Society's  meeting  in  New 
York  by  Mr.  Theo.  Cooper,  which  was  a  very  astonishing  one 
to  me.  He  said  that  when  Mr.  Roebling  was  building  the 
Sixth  Street  bridge,  along  in  1859,  he  gave  a  contract  for  some 
of  the  links  to  Kloman,  afterwards  well  known  as  a  very  suc- 
cessful iron  worker  and  partner  of  Andrew  Carnegie.  The 
story  was  told  Mr.  Cooper  by  Kloman  himself.  He  said  that, 
just  as  he  was  starting  in  business  and  had  taken  pains  to 
secure  this  order,  he  was  very  particular  that  the  job  should  be 
well  done,  and  having  finished  up  some  of  the  links,  he  asked 
Mr.  Roebling  to  come  up  and  look  at  them.  He  came,  in- 
spected the  links  and  was  pleased  with  their  appearance.  Then 
he  had  Kloman  put  one  on  an  anvil,  and  struck  it  with  a 
hammer,  when  it  flew  to  pieces.  Kloman,  astounded  at  this 
result,  apologized  as  well  as  he  could.  *^I  assure  you,  Mr. 
Roebling,"  he  said,  "I  have  followed  your  directions  as  closely 
as  I  could.  1  bought  the  iron  you  specified,  and  have  worked 
it  as  well  as  I  know  how."  Mr.  Roebling  replied,  "These 
bars  are  very  satisfactory,  with  one  little  exception;  you  have 
not  treated  them  quite  right,"  and  then  he  explained  to  this 
skilled  iron  worker  a  little  change  in  the  handling,  which  made 
them  all  right. 

Mr.  Flanagan — With  reference  to  the  early  troubles  of 
some  of  the  old  bridge  engineers,  I  am  reminded  of  something 
I  read  a  good  many  years  ago,  and  I  suppose  that  most  of  the 
members  have  read  the  same  thing,  and  that  was  George  Stev- 
enson^s  difficulties  in  originating  the  railroad.  In  the  very 
beginning  there  was  great  opposition   to  these  roads,  and  it 
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seems  to  have  been  believed  that  they  would  kill  all  the  crops 
in  the  country.  As  I  recall  the  article  now,  it  c^eems  that 
the  promoters  of  a  project  new  and  strange  like  this  not  only 
had  to  guarantee  to  do  the  work,  but  also  to  convince  the 
wisacres  in  Parliament  that  the  thing  was  going  to  be  a  success. 
•One  of  the  chief  methods  of  formulating  opposition  to  the 
passage  of  a  line  of  railway  was  to  set  up  claims  for  damages 
done  to  property  on  either  side,  and  a  very  favorite  claim  was 
for  what  was  known  as  ^ ^severance,"  namely,  when  the  road 
divided  a  property  into  two  parts.  An  example  was  given  of 
some  large  landholder  in  England  who  had  two  estates.  The 
railroad  was  laid  out  between  these  two  properties,  and  in 
order  to  prevent  them  from  running  he  raised  a  claim  for  dam- 
ages on  account  of  severance,  and  he  had  enough  influence  to 
divert  the  railroad  from  its  original  location  to  some  distance 
away.  Within  two  or  three  years  after,  however,  he  realized 
his  mistake,  because  he  built  a  branch  line  to  his  estates  at  the 
expense  of  some  £160,000. 

Mr.  Snyder — You  have  all  heard  of  the  proceedings 
before  the  Parliamentary  committee  when  Stevenson  appeared 
before  it  in  the  interest  of  his  road.  One  of  the  attorneys 
for  Parliament  said,  ''Now,  Mr.  Stevenson,  when  this  traveling 
engine  of  yours  is  going  along,  suppose  there  was  a  cow  on  the 
track,  would  not  that  be  a  bad  thing?"  "Yes,  sir,"  said  Mr. 
Stevenson,  ''for  the  coo'." 

Member — There  is  one  point  which  I  think  should  be 
brought  out  in  connection  with  this  paper,  and  that  is  the  dif- 
ference in  the  modes  of  constructing  bridges.  This  is  well 
illustrated  by  the  lattice-work  bridge  now  being  replaced  by 
the  newer  type  double-deck  bridge.  I  believe  the  old  bridge 
was  built  almost  entirely  at  the  site  of  the  bridge,  whereas  the 
present  method  is  to  do  the  erecting  at  some  bridge  shop. 

Mr.  Whited — Can  you  tell  us,  Mr.  Snyder,  something 
about  the  methods  of  constructing  the  foundations  for  these 
bridges? 
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Mb.  Sntder — I  do  not  think  I  can.  Those  old  engineers 
understood  masonry,  however,  for  they  did  some  admirable 
work  in  this  line.  The  foundations  for  the  bridge  across  the 
Conemaugh  viaduct  were  splendid  examples  of  fine  masonry 
work.  This  structure  was  washed  down  by  the  Johnstown 
flood.  When  we  tore  it  down  we  found  one  of  the  abutments 
was  on  the  rock  and  the  other  abutment  on  timber,  when,  if 
it  had  been  carried  down  only  eight  feet  more,  they  would 
have  come  to  rock. 

Mb.  Shallenbebgeb — Mr.  Snyder  and  I  came  to  Pitts- 
burg in  1873.  He  has  told  us  what  happened  betore  that  date^ 
but  has  hardly  touched  upon  the  interval  since.  I  would  like  to 
know  about  the  length  of  the  bridge  that  was  built  across  the 

Schuylkill  river  .    We  are  told  of  a  single  span  three 

hundred  and  forty  feet  long  that  had  twenty  foot  rise.  It  was 
an  arch,  built  in  three  courses  of  six  inches  each  In  height  and 
thirteen  inches  wide.  It  had  seven  planks,  solidly  bolted 
together,  and  the  truss  over  it  was  very  similar  to  this  bridge 
picture  (referring)  where  the  arch  carried  the  load.  (I  believe 
Mr.  ShaUenberger  referred  to  above  as  the  Palmer  bridge,  S. 
C.  McC.)  ^      . 

Then  Mr.  Snyder  knows  of  a  wooden  bridge  of  two-hun-. 
dred-and-twenty-five-foot  spans,  built  for  a  railroad,  and  which 
only  went  out  a  few  years  ago,  namely,  one  built  on  the  old 
Western  Pennsylvania  on  piers  one  hundred  and  ten  feet  high. 
There  were  a  number  of  other  similar  structures,  but  that  one 
was  remarkable  for  being  a  two-hundred-and-twenty-five-foot 
clear  span. 

Mb.  Whited — I  am  not  capable  of  going  into  reminis- 
cences to  any  extent,  but  I  have  just  recently  had  a  little  exper- 
ience that  may*be  of  some  value  and  interest  to  the  members 
of  the  society.  I  have  had  something  to  do  with  the  removal 
of  the  old  South  Tenth  Street  bridge,  built  about  1856,  spans 
two  hundred  and  twenty  feet  center  to  center  of  piers.  The 
piers  were  built  on  crib  work,  I  think  about  three  or  four  feet 
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thick,  and  I  suppose  put  in  with  coffer  dams.  One  of  them 
was  partially  undermined  by  the  high  water,  caused  partly 
by  the  narrowing  of  the  channel  of  the  river,  due  to  filling  in 
of  the  banks,  for  which  reason  the  bridge  had  to  be  removed. 
The  masonry  was  very  poor.  The  backing  was  a  blue  stone,  to 
a  large  extent,  and  the  facing  but  little  better.  The  mortar — 1 
really  do  not  know  what  it  was  made  of;  it  looked  as  if  it  had 
cement  in  it;  there  was  not  much  left  below  the  water  line. 
As  a  whole,  the  bridge  stood  very  well,  except  the  pier  which 
had  been  undermined  bv  water.  The  timber  was  almost  all  as 
good  as  it  ever  was.  On  the  west  side,  where  the  prevailing 
rains  and  winds  come  from,  a  few  of  the  timbers  were  badly 
decayed,  but  otherwise  the  timbers  were  about  as  sound  as 
they  were  almost  fifty  years  ago.  The  iron  work  in  this 
bridge  had  corroded  some,  but  with  the  exception  of  some  iron 
that  passed  through  pieces  of  oak,  it  was  not  corroded  to  any 
great  extent.  Where  the  iron  passed  Ihrdugh  oak,  however,  the 
corrosion  had  eaten  almost  entirely  through  good-sized  rods. 
Apparently  the  tannic  acid  in  the  oak  had  corroded  the  iron, 
otherwise  the  rods  and  iron  work  as  a  whole  were  in  good  con- 
dition. In  view  of  our  experience  in  this  connection,  I  would 
suggest  that  bridge  engineers  avoid  the  use  of  oak  in  connec- 
tion with  iron  where  it  has  to  stand  for  any  length  of  time. 

President — In  looking  about  the  room  this  evening,  I 
was  struck  with  the  large  proportion  of  young  men  who  are 
present.  It  is  particularly  appropriate  that,  when  so  many  of 
our  young  men  are  here,  we  should  have  one  of  the  older 
members  of  the  society  present  a  paper.  I  see  his  entrance 
date  is  away  back  in  1880.  His  history  of  one  of  the  land- 
marks— or  water-marks — of  our  city  was  very  interesting.  In 
the  paper  he  has  given  us  we  have  something  of  the  history  of 
transportation  and  the  development  of  the  commercial  feature, 
of  Pittsburg,  which  is  one  of  the  pressing  needs  now.  The 
inadequacy  of  our  present  vastly  extended  railroad  facilities 
and  our  waterways,  emphasized  by  the  announcement,  just 
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to-day,  of  a  new  railway  to  the  lakes,  are  all  in  marked  con- 
trast to  the  conditions  in  earlier  times.  Just  to  think,  it  is 
less  than  fifty  years  since  two  railroads,  one  from  the  West,  the 
other  to  the  East,  were  connected  in  Pittsburg  by  'bus  lines. 
How  far  are  those  days  and  those  ideas  from  the  present  scope 
of  railway  traffic  by  the  great  trunk  lines  from  the  East  to  the 
West!  Those  were  the  days  when  this  city  thought  it  was  to 
her  interest  to  cultivate  the  support  of  her  cab  drivers,  whose 
interests  were  to  be  considered  before  the  advance  of  great 
transportation  systems.  A  member  suggests  that  other  in- 
stances in  which  particular  interests  take  precedence  of  general 
interests  are  on  a  par  with  the  'bus  drivers.  Then  when  the 
railroads  did  get  together,  Jiow  short-sighted  were  even  the 
engineers  who  had  built  roads,  for  they  did  not  match,  on 
account  of  the  different  gauges.  The  history  contained  in  this 
paper  of  early  engineering  progress,  the  developments  of  the 
ideas  of  the  people,  the  enlargements  which  have  gone  on  in 
the  ideas  of  engineers  and  business  men  and  of  people  at  large 
with  respect  to  transportation  and  railroads  has  been  to  me 
most  interesting.  I  am  sure  we  have  all  enjoyed  this  paper 
and  thank  Mr.  Snyder  heartily  for  his  efforts  in  preparing  it. 

Mr.  Snyder  corrects  me  by  stating  that  the  differences 
in  gauge  were  not  due  to  the  engineers,  but  to  the  laws  of 
Pennsylvania  and  Ohio.  The  legislatures,  presumably  with 
the  idea  of  maintaining  the  supremacy  of  their  own  states,  had, 
in  their  wisdom,  taken  measures  for  keeping  their  railway  cars 
at  home.  Such  laws  to-day  might  be  considered  as  undue 
restrictions  of  interstate  commerce.  This  instance  brings  out 
still  more  clearly  the  changes  in  the  ideals  as  well  as  the 
methods  of  transportation  which  have  taken  place  in  the  last 
fifty  years. 

Mr.  Hirsch — I  move  a  vote  of  thanks  be  extended  to 
Mr.  Mould  and  Mr.  Snyder  for  the  papers  they  have  presented 
this  evening. 

Motion  carried.     Adjourned. 

Charles  W.  Ridinger,  Secretary, 
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The  two  hundred  and  twenty-ninth  regular  monthly  meet- 
ing of  the  Engineers'  Society  of  Western  Pennsylvania,  was 
held  in  the  lecture  room  of  the  Society's  house,  410  Penn 
Ave.,  Pittsburg,  Pa.,  Saturday  evening,  Nov.  22,  1902,  at 
8:00  o'clock.  President  Mr.  Chas.  F.  Scott  in  the  chair,  and 

one  hundred  and  seventy-two  members  and  visitors  present. 
The   minutes   of   the  preceding  meeting  were,  read  and 

approved.  ^ 

The  Board  of  Direction  reported  that  they  had  passed 

favorably  on  the  following  applications  for  membership,  and 

present  same  to  the  Society  for  action: 
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CHAS.  C.  HASTINGS,         -         Sales  Agent,        -  -j  H.  H.  Anderson^ 

For  Bethlehem  Steel  Co.  I R.  A.  McKinney. 

324  Fourth  avenue,  Keystone  Building,  Pittsburg,  Pa. 

(  J.  M.  Camp, 

W.  C.  HOLZWORTH     -  Chemist  at  Neville  Works,  -     -j  A.  G.  McKenna^ 

American  Steel  &  Wire  Co.  (  C.  H.  Rich. 

McKees  Rocks,  Pa. 
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fH.  S.  Mould, 

JOSHUA  J.  JONES,         -         Chief  Engineer,         -         ^  Richard  Hirech, 

Henry  S.  Mould  Co.  (  F.  C.  Phillips, 

h.  South  Twenty-fourth  street  and  Carey  avenue,  Pittsburg,  Pa. 

f  J.  M.  Camp, 
JOHN  H.  McDonald,    -    -    Supt.  Steel  Dept.     -    -     -^  C.  B.  Connelley, 

of  National  Steel  Co.,  Bellaire  Works,  Ohio.     I  F.  C.  Phillipe. 
h.  4139  Harrison  street,  Bellaire,  Ohio. 

(  J.  M.  Camp, 
WM.  SIDDALL,  -         Master  Mechanic,  -  -^  C.  B.  Connelley, 

at  Bellaire  Works  National  Steel  Co.         (  Richard  Hirsch. 
h.  4145  Harrison  street,  Bellaire,  Ohio. 

f  J.  M.  Camp, 
R.  H.  STEVENS,        -        Mechanical  Engineer,      -        -^  P.  T.  Berg, 

Homestead  Steel  Works,  I  A.  C.  Dinkey, 

h.  Munhall,  Pa. 

f  C.  F.  Scott, 

WM.  D.  STEVENSON,      -       Assistant  Manager,      -       -^  J.  H.  Nicholson. 

H.  W.  Johns-Manvllle  Co.  I S.  Diescher. 

220  First  avenue,  Pittsburg,  Pa. 
h.  Lang  avenue  and  Thomas  street,  Pitteburg,  Pa. 

TOTAL,  12. 

President  Scott — We  are  here  this  evening  to  consider 
a  subject  somewhat  different  from  the  general  order  of  papers 
which  we  have  had  during  the  past  year.  We  have  heretofore 
dealt  with  engineering  work  of  various  kinds  about  Pittsburg, 
and  have  been  fortunate  in  having  several  engineers  at  almost 
every  meeting  to  present  papers  .on  the  same  general  subject. 
This  evening  we  have  a  different  subject  for  our  consideration, 
and  we  are  also  most  fortunate  in  having  with  us  at  this  time 
a  gentleman  who  is  a  recognized  authority  on  that  subject. 
When  one  goes  through  the  large  mills  here  in  Pittsburg  the 
most  impressive  thing  is  the  very  large  way  in  which  the  work 
is  done,  the  large  quantities  of  metal  handled,  the  many,  many 
tons  of  red-hot  iron  which  are  carried  by  cranes,  and  the  ease 
with  which  this  vast  quantity  of  metal  is  put  through  the  rolls 
and  treated  by  various  processes;  all  this  is  astonishing  to  the 
observer.  In  marked  contrast  to  this  impression,  and  a  fact 
which  we  hardly  realize  when  considering  the  large  block  or 
mass  of  material,  is  the  very  close  scrutiny  to  which  it  is  sub- 
jected by  scientific  men  and  scientific  processes.  The  iron  is 
treated  to  obtain  certain  physical  characteristics  and  to  meet 
certain  chemical  requirements.  We  are  now  to  have  another 
view  of  the  iron — ^its  structure  and  molecular  characteristics. 
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A  new  world  is  revealed.  There  is  about  as  great  a  difference 
between  a  blind  man  and  one  with  normal  vision  as  there  is 
between  ordinary  sight  and  that  of  an  eye  aided  by  a  micro- 
scope. It  is  the  use  of  the  microscope  which  has  revealed  so 
much  to  us  in  other  lines,  such  as  biology,  and  kindred  sciences, 
and  which  has  been  of  such  immense  service  in  the  world  of 
the  animate  as  well  as  in  the  world  of  the  inanimate.  I  now 
have  the  privilege  of  introducing  to  you  Professor  Albert 
Sauveur,  Manager  of  the  Boston  Testing  Laboratories,  who 
will  address  us  upon  the  use  of  the  microscope  in  determining 
the  properties  of  steel. 
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THE  USE  OF  THE  MICROSCOPE  IN  THE  DETERMIN- 
ATION  OF  THE  PROPERTIES  OF  STEEL.* 

BY  PROFESSOR  ALBERT  SAUVEUR.  % 

It  affords  me  great  pleasure  to  be  able  to  talk  before  this« 
Society  on  a  subject  in  which  I  am  deeplj  interested,  and  to 
know  that  you  also — at  least  to  a  certain  extent — are  interested 
in  the  same  subject.  The  pressure  upon  my  time  has  been  so 
great  that  I  have  been  prevented  from  preparing  a  formal 
paper,  and  I  shall  therefore  be  in  need  of  your  indulgence. 
While  I  am  well  aware  that  you  are  all  interested  in  metallo- 
graphy, your  presence  here  to-night  is  proof  of  that;  I  also 
realize  that  some  of  you,  possibly  many,  question  the  practical 
application  of  the  microscope  to  industrial  lines  of  work.  I 
realize  further  in  this  connection  that  the  burden  of  the  proof 
rests  upon  those  who  have  made  such  application,  and  who 
have  devoted  themselves  to  these  methods  and  the  development 
of  this  science.  I  shall,  therefore,  in  this  very  short  talk 
present  to  you  such  arguments  as  are,  at  least  to  my  mind, 
conclusive  evidence  that  the  science  of  metallography  has  a 
practical  side,  and  probably  the  most  satisfactory  way  to  deal 
with  a  problem  of  this  character  will  be  to  assume  that  at 
least  some  of  you  have  not  even  an  elementary  knowledge  of 
the  subject.  In  doing  this  I  shall  give  more  unity  to  my  talk 
and  possibly  make  it  more  instructive  to  most  of  those  present. 

First  of  all,  let  us  ask  what  is  metallography,  what  is  this 
new  science.  It  is  not  yet  defined  in  any  of  our  dictionaries, 
at  least  with  the  meaning  we  give  to  it.  To  arrive  at  an 
accurate  conception  of  what  metaUography  is,  it  is  well  to  look 
into  the  origin  of  this  science.  When  Dr.  Sorby,  the  eminent 
English  microscopist  first  placed  upon  the  stage  of  his  micro- 
scope a  piece  of  steel  properly  polished  and  etched,  he  discov- 
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ered  that  the  structure  of  the  metal  was  not  unlike  that  of 
igneous  rock;  that  it  was  made  up  of  constituent  pai*ts  which 
possessed  all  the  characteristics  of  minerals;  and  just  as  the 
study  of  rocks  brought  into  existence  the  science  of  petrogra- 
phy, so  from  the  study  of  metals  was  developed  the  science  of 
metallography.  I  think  this  explanation  will  at  once  give  a 
fair  conception  of  the  meaning  of  the  word. 

Metallography  is  not,  however,  purely  a  descriptive 
science;  if  this  were  so  its  application  to  various  lines^f  indus- 
trial work  would  be  very  limited.  We  do  not  deal  exclusively 
with  the  description  of  the  structure.  The  science  has  its 
ai^ed  side.  It  deals  also  with  the  relation  between  that 
structure,  and  the  treatments  to  which  the  metal  has  been  sub- 
jected in  the  process  of  manufacture.  It  also  deals  with  the 
relation  between  the  structure  and  its  properties  and  especially 
those  properties  which  are  of  interest  to  the  engineer,  and  upon 
which  the  value  of  metals  in  the  industrial  world   depends. 

I  wish,  first,  to  draw  your  attention  to  what  we  may  term 
descriptive  metallography,  necessarily  confining  my  remarks, 
for  want  of  time,  to  iron  and  steel.  I  shall  very  briefly  de- 
scribe the  structure  of  iron  and  steel  of  various  grades,  illustrat- 
ing them  by  means  of  diagrams  placed  on  the  wall.  If  we 
examine  under  the  microscope  the  structure  of  any  pure  metal — 
no  matter  what  metal — we  find  it  to  be  made  up  of  a  great 
number  of  irregular  poly hedric .  grains.  (Fig.  1.)  All  pure 
metals  have  the  same  structure,  although  the  size  of  the  grains 
may  vary  from  one  metal  to  another.  The  size  of  these  grains 
in  the  same  metal  also  depends  more  or  less  upon,  and  varies 
with,  the  treatment  to  which  the  metal  has  been  subjected. 
Generally  speaking,  it  may  be  said  that  the  higher  the  tempera- 
ture and  the  slower  the  cooling,  the  larger  these  grains. 

If  now  we  look  at  the  structure  of  pure  iron  (Fig.  la.) — car- 
bonless iron — we  find  that  this  iron  is  also  made  up  of  these  poly- 
hedric  grains.  Referring  to  the  diagram  Fig.  la  (indicating), 
you  will  note  that  while  some  of  these  grains  are  bright,  others 
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Fig.  1.    Structure  of  Pure  Uold.    Mt^nified  100  dianietera. 


Fig.  In.    CarbonleES  Iron,    Free  from  slag. 
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are  dark  in  color,  and  this  is  due  to  the  fact  that  every  ooe  of 
these  grains  is  made  up  of  a  number  of  small  cubic  crystalB. 
As  we  pass  from  one  grain  to  another  the  direction  or  angle 
of  these  small  cubes  changes  so  that  when  placed  under  the 
microscope  the  faces  of  those  crystals  which  reflect  the  light 
directly  into  the  microscope  appear  white  in  color,  while 
those  inclined  at  such  an  angle  that  the  faces  reflect  the  light 
outside  of  the  microscope  will  appear  dark.  This  phenomenon 
was  not  originally  understood,  and  it  was  some  time  before  a 
satisfactory  explanation  was  offered  as  to  why  these  grains 
presented  the  appearance  described. 

Let  us  now  look  at  the  structure  of  industrial  iron.  I 
have  here,  Fig.  2  (indicating),  the  structure  of  the  cross  section 
of  a  piece  of  wrought  iron.  We  find  it  is  also,  as  we  should 
expect,  made  up  of  a  number  of  polybedric  grains,  with  very 


f^.  2.    Wrought  Iron,  magnified  200  diameters.    Croes  section. 
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Fig.  4.  Soft  Steel  (0.10^  Carbon),  magnified  164  diameters, 
you  will  note  that  the  structure  is  made  up  of  a  number  of  white 
grains,  which  upon  higher  magnification  and  closer  examination 
you  will  find  similar  to  those  seen  in  pure  iron,  and  that  it  also 
shows  a  number  of  dark  particles.  Since  the  white  grains  are 
made  of  pure  iron,  we  must  infer  that  all  the  carbon  has  segre- 
gated into  these  small  irregular  dark  particles.  You  know,  of 
course,  that  carbon  in  steel  is  present  as  a  carbide  of  iron, 
answering  to  the  formula,  Fe,C,  but  these  dark  particles  do 
not  consist  of  pure  carbide,  for  upon  magnifying  to  about  300 
diameters,  we  find  that  every  one  of  these  dark  particles  is  now 
broken  up  and  resolved  into  two  constituents,  Fig.  4a,  It 
would  take  too  long  to  mention  all  the  evidences  we  have  as  to 
the  nature  of  the  making  up  constituents  the  dark  particles. 
These  particles  are  made  up  of  plates  consisting  alternately  of 
pure  iron,  and  carbide  of  iron.  The  dark  constituent  of  the 
structure  then  is  not  pure  carbide,  but  a  mechanical  mixture  of 
that  carbide  and  of  iron  which  assumed  the  laminated  appearance 
shown  here.  Mineralogieal  names  have  been  given  to  those 
various  constituents  of  iron.  The  constituent  which  to  the  ex- 
clusion of  slag,  constitutes  the  entire  mass  of  carbonless  iron 
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Fig.  4a.    Soft  Steel  (O.IO^  Carbon),  mt^nified  1,000  diameten. 

has  been  called  ferrite;  the  carbide  of  iron  ia  called  cementite, 
simply  because  it  is  very  abundaot  in  cemented  steel.  It  is  a 
carbide  of  iron  answering  to  the  formula  Fe,C.  Finally  tbe 
dark  coDBtituent  which  consists  in  a  mechanical  mixture  of  fer- 
rite  and  cementite  is  called  pearlite.  This  last  named  con- 
stituent received  its  name  from  its  pearly  appearance;  it  was 
first  called  the  pearly  constituent  by  its  discoverer,  Dr.  Sorby. 
To  sum  up,  we  find  in  steel  these  three  constituents :  ferrite, 
or  carbonless  iron  ;  cementite,  which  is  a  carbide  of  iron  ;  and 
pearlite,  which  is  a  mechanical  mixture  of  the  former  two. 

If  DOW  we  add  a  little  more  carbide  to  the  steel,  we  obtain 
a  structure  like  the  one  shown  here,  Fig.  5  (indicating).  In 
this  we  have  a  larger  proportion  of  the  dark  constituent,  and 
consequently  a  smaller  proportion  of  the  light,  which  we  should 
naturally  expect.  We  have  more  carbon,  therefore  we  have 
more  carbide,  and  therefore  more  pearlite,  and  correspondingly 
less  ferrite.  If  we  add  still  more  carbon,  we  find  the  proportion 
of  pearlite  still  greater,  as  must  necessarily  be  the  case.  Here, 
Fig.  6,  we  see  the  sti'ucture  of  a  steel  with'about  .5%  carbon 
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Fit?,  5.     Steel  t0.3-J?6  Carbon). 


Fiff.  e.    steel  (0.62;^  Carbon). 
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cementite  over  the  necessary  amouol  to  form  pearlite,  and  this 
excesH  remains  aa  such  in  the  steel  and  assumes  the  appearance 
shown  here  (indicating).  Cementite  is  extremely  hard  while 
ferrite  is  relatively  very  soft.  Cementite  always  stands  in 
relief,  which  is  a  means  of  distingaishing  it  from  ferrite.  The 
hardness  of  pearlite  is  between  that  of  ferrite  and  cementite. 
In  high  carbon  steel,  there,  we  have  an  excess  of  cementite ;  in 
low  carbon  steel  an  excess  of  ferrite ;  while  saturated  steel  is 
made  up  exclusively  of  pearlite. 

I  have  some  other  photographs  here  showing  perhaps  more 
clearly  the  structures  of  various  grades  of  steel.  First,  I  would 
call  your  attention  to  these  photographs,  Fig.  S  (indicating), 


Fig.  8.  Structure  of  Pearlite,  aft«r  a  drawing  by  Sorly. 
which  show  very  clearly  the  laminated  structure  so  character- 
istic of  pearlite(indioating.)  It  ia  of  special  interest  because  it 
is  an  enlargemient  of  the  first  drawing  ever  made  of  pearlite. 
It  was  drawn  in  1886  by  Dr.  Sorby,  and  shows  the  structure  of 
a  steel  slightly  under  saturation.  Here  (indicating)  Fig.  8a  and 
8b,  we  have  another  drawing  illustrating  very  clearly  the 
etruotore  of  steel  at  the  saturation  point.     £ach  grain  as  you 
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Fig.  E 

will  aee  is  a  grain  of  pearlite,  and  in  eome  of  these  gi-aias  the 
laminatioD  is  very  clear  and  sharp,  while  other  grains  hare  more 
of  a  granular  appearance.  These  changes  in  appearance  are 
due  to  the  treatment  to  which  the  metal  has  been  subjected. 
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It  may  be  said  that  the  longer  the  annealing,  the  more  marked 
the  laniinalioD.  The  pearlite  of  hot  forged  metal  finished  at 
quite  a  low  temporatnr©  is  seldom  laminated. 

These  figures,  Figs.  9,  10  and  U  (indicating),  which 
■were  taken  by  Osmond,  are  magnified  1000  diameters,  and 
show  in  a  very  satisfactory  ivay  the  structure  of  under- 
saturated,  saturated  and  over-saturated  ateel.      This  (Fig.    9) 


Fijf.  9.     Forged  Steel  (0.4o^»  Carbon),  magnified  1,000  iliamet«r9. 

shows  a  steel  of  about  .4:5%  carbon.  Such  steel  should  be  made 
up  of  about  one-half  ferrite  and  one  half  pearlite,  and  this  is 
about  what  you  see.  Here,  {Fig.  1 0)  w  e  have  a  structure  of  satu- 
rated steel,  or  steel  nearly  saturated.  It  is  made  up  wholly  of 
pearlite.  Here,  (Fig.  11)  we  have  a  structure  of  over-saluated 
ateel  containing  an  excess  of  comentite,  the  balance  being  a 
ma39  of  pearlite.  The  excels  of  cementite  assumes  the  shape 
of  irregular  plates.     Figs.  12  to  10,  which  are  reproduced  from 
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Fig.  10.    Steel(  I  %  Carbon),  polished  in  relief,  magnilied  1,000  diaiiielerB. 


Fig.  II.    Cemented  f^teel  1.5%  Carbon),  magnified  1,000  dta meters. 
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Fig.  12.    Carbon  0.08  per  cent.  Fig.  13.    Carbon  0.28  per  cent. 


Fig.  14,    Carbon  0.59  per  cent.  I^ig.  15,    Carbon  0.89  per  oenL 
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Ki«.  16.    Carbon  1.20  per  cent. 
drawings  ttiade  by  Professor  J.  ().  Arnold,  also  illiislrate  in  a 
mo.st  satisfactory   manner,    the   relation    between   the  carbon 
contents  and  the  strn<;tiire  uf  steel. 

Passing  now  to  the  structure  of  cast  iron,  I  desire  to  call 
your  attention  to  the  very  close  analogy  which  I  hope  to  be 
able  to  show  youexisls  between  the  structure  of  cast  iron  and 


(■  Pig  Iron,  magnified  56  diametere. 
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that  of  steel.  In  the  case  of  perfectly  grey  cast  iron,  contain- 
ing practically  no  combined  carbide,  the  structure  is  made  up 
of  a  mass  of  carbonlei^s  iron  in  which  may  be  distinguished  a 
number  of  dark  plates,  as  shown  in  Fig.  17,  which,  of  course, 
represent  graphite.  It  is  made  up  of  ferrite  with  a  certain 
number  of  plates  of  graphite.  Jf  now  we  introduce  a  little 
combined  carbon  into  the  cast  iron,  we  find  that  a  change  has 
taken  place  (Fig.  18).*  We  now  find  a  number  of  small  areas, 
which  upon  close  examination  will  prove  to  be  pearlite.  By 
introducing  a  certain  amount  of  combined  carbon,  we  have 
simply  introduced  a  certain  amount  of  pearlite.  By  adding  a 
little  more  combined  carbon,  the  result  will  be  that  most  of  the 
metallic  mass  is  now  made  up  of  pearlite  grains,  and  here  and 
there  only  will  you  see  some  ferrite  (Fig.  19).*  By  still 
increasing  the  carbon  a  point  must  be  reached  when  the 
metallic  mass  of  the  cast  iron  will  [)e  a  mass  of  pearlite 
(Fig.  20).*  It  will  be  saturated  just  as  in  the  case  of  steel. 
If  we  add  still  more  carbon  we  pass  the  saturation  point 
and  have  a  structure  such  as  is  shown  here  in  Fig.  No.  21.* 
The  white  areas  represent  cementite,  while  the  dark  colored 
constituent  represent  pearlite.  This  is  the  structure  of  mot- 
tled iron.  If  we  now  look  at  the  structure  of  a  perfectly  white 
iron  (Fig.  No.  22),  which  contains  only  combined  carbon,  we 
will  find  that  it  is  merely  a  mass  of  pearlite  and  cementite — 
it  is  simply  a  high  carbon  steel.  There  is  no  sharp  line  that 
can  be  drawn  between  white  cast  iron  and  steel,  based  upon 
the  structure,  the  composition,  or  the  properties  of  these  metals. 
Any  demarcation  we  may  make  is  purely  arbitrary.  This  is 
certa.inly  very  good  evidence  of  the  close  analogy  which 
exists  between  these  two  metals.  In  general  it  may  be  said 
that  our  knowledge  of  steel  can  be  applied  to  a  great  extent  to 
cast  iron.  You  frequently  hear  that  cast  iron  is  a  very  differ- 
ent  material   from  steel,   a   much   more  complex  substance. 

♦Engravings  for  Figs.  18,  19,  20  and  21  could  not  be  prepared  in  time 
for  the  publications  of  this  lecture. 
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Fig.  22.     M'hite  Cast  Iron. 

Now,  I  qnestioa  the  accuracy  of  that  statement  very  much. 
It  is  not  so.  As  soon  as  you  introduce  combined  carbon  into 
cast  iron  the  changes  which  will  take  place  in  the  iron  matrix 
are  exactly  the  same  as  those  which  will  take  place  in  the  case  of 
8t«el.  The  same  characteristics  appear  in  various  grades  of  cast 
iron  as  in  low  carbon  steel,  medium  steel,  saturated  steel,  and 
over -saturated  steel.  I  believe  that  if  foundrymen  and  others 
interested  in  cast  iron  would  look  upon  iron  in  this  light,  in 
the  light  of  what  it  really  is — a  mass  of  steel,  plus  graphite — 
rmany  of  those  sc)  called  mysteries,  and  a  gooil  many  of  the 
difficult  problems  they  are  culled  upon  to  solve,  would  be  much 
nearer  solution  than  they  are  at  the  present  time. 

This  has  been  merely  tlesciipltve  so  far,  and  I  now  deBtre 
to  call  your  attention  to  what  may  be  called  applied  metallog- 
raphy. First  let  me  say  a  few  words  regarding  the  very  close 
analogy  which  exists  between  the  structure  of  steel  and  the 
treatment  to  which  it  is  subjected.      The  structure  of  steel  iB 
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extremely  sensitive  to  heat  treatment,  or,  in  fact,  to  any  treat- 
ment. A  very  slight  change  in  the  method  of  treating  it  will 
change  its  structure,  and,  therefore,  its  properties.  At  this 
point,  let  me  call  your  attention  to  these  (indicating)  diagrams. 
Figs.  23  to  28,  which  show  six  different  structures.  I  think 
that  a  layman  looking  at  these  photographs  would  be  inclined 
to  believe  that  they  represent  six  different  metals,  because  the 
structures  are  so  dissimilar.  If  the  samples  of  metal  repre- 
sented here  be  given  to  a  chemist,  he  will  find  that  they  all 
have  exactly  the  same  composition,  and,  therefore,  from  his 
point  of  view,  have  the  same  properties,  being  all  equally  good 
or  equally  bad.  If  on  the  other  hand,  these  samples  be  given 
to  some  one  familiar  with  the  microscopic  examination  of  steel, 
he  will  at  once  recognize  that  they  are  from  the  same  steel 
but  that  they  have  all  been  treated  differently.  He  will  also 
tell  you  within  limits  what  properties  to  expect  from  these  var- 
ious samples,  and  further,  what  the  treatments  were  which  pro- 
duced these  different  structures.  It  seems  to  me  that  this  shows 
very  plainly  the  limitations  of  chemistry.  If  we  de{)end  upon 
this  science,  when  we  come  to  deal  with  treatment,  we  are  bound 
to  fail.  The  properties  of  steel  do  not  depend  exclusively  upon 
the  composition.  They  depend  upon  the  composition  and 
upon  the  structure.  The  relation  which  exists  between  the 
structure  of  steel  and  its  properties,  is  of  a  very  close  charac- 
ter. I  might  say  upon  perfectly  reasonable  grounds  that  the 
properties  of  steel  —  the  industrial  properties — depend  ex- 
chisively  upon  its  structure,  and  upon  nothing  else,  because  a 
perfect  knowledge  of  the  structure  would  imply  a  knowledge 
not  only  of  the  ultimate  composition,  which  is  all  that  chem- 
istry gives  us,  but  of  the  proximate  composition  as  well. 
We,  however,  do  not  yet  possess  such  a  perfect  knowledge, 
and  probably  never  will. 

Referring  again  to  these  cards  (indicating)  Figs.  23  to  28, 
first  let  me  recall,  that,  other  things  being  equal,  the  finer  the 
structure,  the  greater  the  ductility   of  the   metal.      All   th 
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the  structure  which  is  the  more  ductile.  Fine  structure,  with 
its  resulting  ductility,  may  be  obtained,  then,  either  by  hot  work 
properly  conducted  or  by  annealing.  The  objection  to  obtain- 
ing a  close  structure  by  forging,  is  found  in  the  fact  that  if 
the  forged  piece  of  metal  has  a  relatively  large  cross  section, 
while  the  outside  of  the  piece  would  be  at  the  proper  temper- 
ature when  work  ceases,  the  mass  at  the  center  must  neces- 
sarily be  hotter — too  hot  to  be  iSnely  crystalline.  A  very  good 
instance  of  that  fact  is  found  in  the  case  of  the  rail  shown 
here,  Fig.  29,  where  the  structure  of  the  rail  at  various  points 
is  indicated.  The  outside  of  the  rail  was,  of  course,  finished 
at  a  much  lower  temperature  than  the  center,  and  is,  therefore, 
of  a  much  finer  structure.  This  simply  illustrates  the  difficulty 
of  obtaining,  by  mere  hot  work,  a  fine  structure  throughout  the 
entire  area  of  the  cross  section. 

1  think  these  few  remarks  must  at  least  suggest  the  pos- 
sibilities of  metallography,  but  before  closing  I  would  like  to 
answer  one  objection  which  I  have  often  heard  advanced. 
Many  people  argue  that  the  knowledge  of  the  structure  of 
metals  is  of  little  importance,  and  that  if  the  metal  is  defective, 
the  testing  machine  will  show  it  at  once.  To  show  how  foolish 
this  reasoning  is,  one  might  as  well  say  that  he  does  not  care 
for  a  chemical  analysis  of  steel,  since  if  it  be  defective  the 
physical  test  will  demonstrate  that  fact.  It  is  evident  to  any 
one  that  this  is  not  the  right  view  of  the  matter.  The  testing 
machine  reveals  the  base  fact  that  the  metal  is  defective  with- 
out indicating  the  cause,  and  still  less  suggesting  a  remedy. 
We  want  to  know  why  it  is  defective.  If  it  is  defective  we 
want  to  know  whether  it  is  due  to  defective  composition  or 
whether  due  to  defective  treatment,  and  the  right  structure  is 
of  just  as  much  importance  as  the  right  composition.  It  is 
just  as  important  to  know  that  your  steel  is  not  of  too  coarse 
a  structure,  as  it  is  to  know  that  it  does  not  contain  too  much 
phosphorus.  The  lack  of  ductility  and  the  brittleness  caused 
by  a  coarse  crystallization  is  just  as  objectionable ;  it  is  to  be 
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Fig.  29.    Structure  of  various  parts  of  the  same  rail  section. 
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guarded  against  with  as  much  care ;  as  the  brittleness  caused 
by  too  high  a  percentage  of  phosphorus. 

There  is  another  objection  which  comes  to  my  attention 
every  once  in  a  while.  Some  people  make  up  their  minds  to 
take  up  metallography,  and  expect  that  it  is  going  to  solve  all 
the  troublesome  problems  and  puzzles  which  they  have  been 
unable  to  solve,  and  that  it  is  going  to  do  it  in  a  very  few 
weeks,  with  very  little  effort  on  their  part.  If  they  are  disap- 
pointed they,  of  course,  blame  the  science  of  metallography 
for  it.  This  is  certainly  not  reasonable.  I  recall  a  case  in 
point.  You  will  remember  how  difficult  it  was  for  the  chemist 
to  get  into  the  steel  mills,  and  how  he  finally  was  admitted. 
Many  of  the  steel  makers  thought  their  new  chemist  was  going 
to  solve  all  their  difficulties  at  once,  and  when  they  found  this 
was  not  so,  there  was  a  reaction  against  chemistry.  As  it  was 
with  chemistry,  so  it  will  be  with  metallography;  history  must 
repeat  itself.  You  cannot  expect  metallography  to  settle  all 
your  troubles.  It  is  just  as  uphill  work  in  this  branch  of 
science  as  in  any  other,  but,  if  you  will  take  up  the  subject  in 
an  impartial  and  reasonable  frame  of  mind,  1  think  that  very 
few  of  you  will  be  disappointed.  The  time  will  come,  indeed 
it  is  near  at  hand,  when  the  microscope  will  be  deemed  of  as 
much  importance  in  a  metallurgical  laboratory  as  the  chemical 
balance. 

The  officers  of  this  Society  have  been  able  to  collect  here 
a  few  of  the  devices  used  in  carrying  on  metallographic  work. 
I  want  first  to  call  your  attention  to  this  electric  furnace.  In 
taking  up  metallographic  work,  we  very  soon  found  that  it  was 
desirable  to  do  a  little  experimenting  in  heating.  We  found 
that  it  was  highly  important  to  have  a  furnace  in  which  we 
could  obtain  any  desired  temperature,  within  certain  limits,  and 
retain  it.  The  gas  furnace  proved  quite  unsatisfactory,  and 
many  workers  have  turned  their  attention  to  the  electric  furnace. 
Most  of  these  furnaces  have  consisted  of  a  coil  of  platinum 
wire  wound  on  th^  outside  of  a  muffle,  the  current  passing 
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through  the  coil  and  heatiog  it  toabigh  temperature  owiog  toils 
electrical  resistance.  In  the  furnace  which  we  have  here,  the 
heating  coil  is  placed  irithin  the  muffle,  thus  doing  away  with 
the  necessity  of  heating  through  the  muffle.  A  resistance  coil 
of  nickel  wire  is  placeil  within  the  furnace,  and  by  proper 
regulation  of  the  resistunce,  we  can  produce  and  maintain  any 


Special  Microscope, 


PAPER  BY  PROF.  ALBERT  8AUVBUR.  479 

temperature  between  300 (leg.  C.  and  to  l,200deg.  C.  These 
iurnaces  are  very  ueeful  indeed. 

The  other  apparatus  required  for  metallographic  work  is 
shown  here.  The  ordinary  Bland  is  not  very  well  adapted  to 
metallographic  work,  while  a  stand  of  special  construction,  as 
shown  here  (Fig.  30),  is  most  desirable.  Its  most  important 
feature  oonsists  in  the  up  and  down  motion  of  the  stage  by  rack 
and  pinion  mechanism.  The  advantage  of  such  an  arrangement 
will  be  readily  appreciated  by  those  who  have  had  any  experi- 
ence in  the  examination  of  opaque  objects. 

The  special  specimen-holder  shown  on  the  stage  of  the 
microscope  permits  to  place  immediately  on  the  stage  in  the 
proper  position  to  be  examined,  any  polished  specimen,  no 
matter  how  irregular  in  shape,  thns  doing  away  with  the 
necessity  of  preparing  two  exactly  pai-ullel  surface,  a  task  which 
is  very  laborious.     Various  sources  of  light  may  be  tised  for  the 


Fig.  31.    Welebach  Lamp  with  Condenser. 
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Fig.  32.     Incandescent  Lamp,  150  catidle-power. 

illumination  of  ihe  otiject,  a  Welsbach  lamp  and  condenser 
(Fig.  31),  atforda  a  sufficient  illumination.  A  150  candle  power 
incandescent  lamp  (Fig.  32),  also  gives  a  good  illuminatioB.  An 
electric  arc  lamp  (Figs.  33  and  34),  with  the  necessary  con- 
densing lenses  and  other  accessories,  constitutes  an  ideal  illum- 
inating outUt  for  metallographic  work.  It  is  the  only  soitfce 
of  light  intense  enough  to  throw  the  structure  of  the  metallic 
samples  dii-ectly  on  the  screen,  as  I  shall  now  try  to  show  j-ou. 
By  the  addition  of  a  few  accessories,  such  an  efjuipment 
may  be  converted  into  an  excellent  apparatus  for  lantern  slide 
projection  (Fig.  35),  or  for  micro-slide  projection  (Fig.  36). 
The  photo-micrographic  camera  shown  here  (Figs.  33  and  34), 
is  an  excellent  apparatus,  which  may  be  very  quickly  adjusted 
whenever  it  is  desired  to  take  a  photo- microgi-aph  of  the 
structure.  This  illustration  (Fig.  37),  shows  the  metallographic 
apparatus  of  the  Boston  Testing  Laboratories. 

"A  stenogmphiu  report  of  an  exlemporaneous  lecture. 
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DISCUSSION. 

Mr.  Scott — I  am  sure  the  Professor  will  be  very  glad  to 
answer  some  of  the  questions  which  are,  doubtless,  uppermost 
in  your  minds. 

Mr.  Ely — I  would  like  to  ask  Professor  Sauveur  to  tell 
us  what  kind  of  an  appearance  high  phosphorus  has  in  the 
structure  of  iron  or  steel  ? 

Prof.  Sauveur — It  is  very  difficult  to  identify  any  change 
in  structure  due  to  the  presence  of  phosphorus.  In  the  case 
of  cast  iron,  however,  phosphorus  can  be  detected.  In  steel, 
sulphur  is  sometimes  found  in  the  shape  of  so  called  sulphur 
flaws,  and  can  be  readily  locate<l,  but  it  is  not  always  so. 
Many  times  I  have  examined  high  sulphur  steel  which  did  not 
show  these  peculiar  defects.  There  is  a  very  interesting  pro- 
blem here  to  be  worked  out,  viz.,  the  effect  of  the  presence  of 
phosphorus  and  sulphur  on  the  micro- structure. 

Mr.  Skinner  —  I  would  like  to  ask  the  effect  of  manganese 
in  very  low  carbon  steel,  the  phosphorus  and  sulphur  also 
being  very  low — in  steel  of,  say,  .06  carbon  and  .30  or  .40 
manganese.     Can  that  be  told? 

Prof.  Sauveur — I  do  not  think  it  can  be  told.  I  have 
never  noted  the  influence  of  manganese  on  steel  of  this  kind. 

Mr.  Bole — I  would  like  to  say  that  I  am  particularly 
interested  myself  in  what  Professor  Sauveur  has  told  us  this 
evening,  and  I  think  it  a  fair  statement  that  the  results  of 
chemical  analysis  and  even  physical  tests  do  not  always  consti- 
tute a  true  indication  of  the  character  of  the  piece  of  steel  from 
which  the  test  piece  or  bar  may  have  been  taken.  It  often 
occurs  rtiat  the  test  bar  is  taken  as  a  proof  conclusive  of  the 
quality  of  the  steel.  I  think  it  good  policy  to  take  the  posi- 
tion that  while  a  correct  chemical  analysis  may  indicate  that  a 
piece  of  metal  is  all  right,  yet  it  does  not  prove  it.  The  chem- 
ical composition  may  appear  all  right  and  the  metal  be  relative- 
ly worse,  and  it  is  beyond  question  that  the  annealing  and  other 
kinds  of  treatment  are  of  the  utmost  importance.     Test  bars 
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as  such  are  good  as  far  as  they  go,  bat  a  study  of  the  structure 
is  certainly  likely  to  add  a  great  deal  of  information  regarding 
the  mysterious  happenings — the  castings  which  break  and 
which  when  analyzed  are  all  right.  The  test  bar  attached  to  a 
sample  casting  may  have  shown  good  results,  and  still  the  cast- 
ing will  break  owing  to  some  defect  in  the  structure  wholly 
apart  from  the  chemical  composition.  While  not  posing  as  an 
authority  on  this«  subject  at  all,  it  seems  to  me  that  the 
constituent  elements  of  a  metal  such  as  steel  or  iron  might  be 
likened  to  the  materials  out  of  which  concrete  is  made.  A 
man  may  take  the  right  proportions  of  cement,  sand,  stone  and 
gravel,  and  might  mix  them  properly  so  as  to  get  a  homoge- 
neous mass  of  material  which  would  prove  very  reliable.  But 
on  the  other  hand  be  may  take  exactly  the  same  proportions 
and  mix  the  materials  so  as  not  to  secure  these  results,  and  he 
would  get  a  very  poor  article.  It  seems  to  me  there  is  a 
similarity  here — a  sort  of  analogy.  I  think  Professor  Sauveur 
is  entirely  justified  in  stating  in  his  talk  that  people  need  not 
expect  too  much  light  or  too  many  results  from  this  new 
science,  but  should  understand  that  it  simply  adds  to  the 
information  obtained  from  a  chemical  analysis  and  physical 
tests,  resulting  in  a  far  better  knowledge  particularly  of  large 
masses  of  steel  or  iron.  I  was  interested  in  the  Professor's 
remarks  on  the  subject  of  cast  iron.  Ordinarily,  chemists 
have  not  seemed  to  pay  much  attention  to  this  material,  appar- 
eptly  considering  steel  as  a  more  worthy  field  for  their  oper- 
ations. I  believe,  however,  that  the  cast  iron  foundry 
constitutes  a  field  which  needs  more  of  their  servicjes.  As  a 
proof,  too,  of  the  fact  that  you  cannot  always  make  a  chemical 
analysis  of  the  physical  properties  in  cast  iron,  I  recall  state- 
ments which  have  been  made  in  this  room  when  other  subjects 
were  under  discussion,  where  it  was  stated — and  I  suppose 
I  myself  have  so  stated — that  they  have  frequently  seen  cast 
iron  specimens  made  of  metal  poured  from  a  crucible,  and 
other  cast  iron  specimens  from  an  air  furnace,  in  which  there 
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was  DO  difference  which  could  he  detected  in  the  chemical 
composition.  You  could  not  say  this  iron  was  made  in  the 
air  furnace  and  this  in  the  cupola,  and  yet  the  physical  pro- 
perties of  the  two  cast  irons  were  very  greatly  different.  1 
have  not  been  able  to  see  exactly  how  or  why — chemical 
analyses  have  not  made  it  clear  to  me — but  I  know  the  differ- 
ence exists  and  I  presume  the  explanation  lies  in  the  heat 
treatment.  I  hope  that  the  Professor's  talk  may  be  properly 
put  in  shape  for  the  Proceedings  so  that  we  may  read  it  ftnd 
ponder  over  it  at  leisure. 

Mr.  Scott — There  are  doubtless  a  good  many  gentlemen 
present  who  have  been  working  with  the  microscope  as  ama- 
teurs who  feel  somewhat  in  the  dark.  We  would  like  to  hear 
their  experiences  including  their  troubles  and  the  particular 
work  they  have  done.  Mi*.  Walters  have  you  not  done  some- 
thing in  this  direction? 

Mr.  Walters — I  have  not  done  much  with  this  line  of 
work,  although  I  have  done  something.  Everything  in  my 
experience  in  connection  with  cast  iron  especially  bears  out 
what  the  Professor  has  stated,  viz.,  that  we  have  much  the 
same  structure  in  steel,  varying  with  the  carbon  contents.  Of 
course,  the  saturation  point  is  a  little  lower  on  account  of  the 
impurities.  The  structure  of  brass  is  more  along  the  line  we 
are  working  on.  It  would  appear  that  metallography  is  going 
to  show  us  a  good  deal  there,  too. 

Mr.  Lynch — Is  the  lantern  fixed  up  so  that  I  could  throw 
two  or  three  slides  on  the  screen.  I  have  three  or  four  slides 
here  showing  samples  with  which  I  have  made  physical  tests, 
both  in  tension  and  compression  ;  also  chemical  analyses,  and  I 
think  it  would  be  of  much  interest  to  have  these  thrown  upon 
the  screen,  and  to  have  the  Professor  give  us  some  reasons  for 
the  curves  I  have. 

Mr.  Camp — In  listening  to  the  Professor's  talk,  I  arrived 
at  the  conclusion  that  I  knew  more  about  metallography  before 
than  I  do  now.     I  think,  however,  that  as  soon  as  we  can  find 
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room  in  our  shop  to  put  this  apparatus^  we  are  going  to  get  it. 

The  chemical  and  microscopic  examination  should  go  hand  in 

hand.     We  have  a  great  many  troubles  that  the  chemist  cannot 

solve,  and  I  think  this  new  science  is  worthy  of  consideration. 

With  this  new  aid,  if  we  buy  metal  and  it  fails  to  turn  out 

right,  we  have  proof  which  we  can  show  the  people  who  sold 
us  the  goods;  we  have  a  photograph   which   will  indicate  that 

certain  heat  treatment  Or  other  cause,  for  which  we  were  not  to 

blame,  spoiled  the  material  for  our  use,  seeing^  which,  he  will 

be  willing  to  pay  the  bill,    which    under   present  conditions 

he  is  not. 

Mb.  Orb — I  would  like  to  ask  the  Professor  how  these 
elides  are  prepared. 

Prof.  Sauveur — All  these  were  photo-micrographs,  taken 
in  the  usual  way,  a  number  of  them  having  been  enlarged  to 
the  sizes  indicated.  Most  of  them  were  originally  magnified 
50  diameters,  but  some  of  them  as  high  as  300  diameters.  (Mr. 
Scott  suggested  that  Mr.  Orr  meant  the  specimens  to  be 
examined.) 

These  specimens  are  simply  sipall  pieces  of  the  material 
to  be  examined.  A  very  convenient  size  is  about  *  J "  square. 
Of  course  larger  pieces  or  smaller  ones  could  be  used  as  well. 
Smaller  sections  require  less  labor  to  polish  them. 

Mr.  Skinner — I  believe  Mr.  Beck  is  very  familiar  with 
that  particular  work  which  we  "have  done  for  a  particular 
purpose.  In  our  researches  a  very  limited  line  of  this  work 
has  been  covered,  and  I  think  I  will  ask  Mr.  Beck  to  give  a 
description  of  the  method  of  preparing  specimens. 
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THE    PKEPARATION    OF    SAMPLES    FOR    MICRO- 
SCOPIC ANALYSIS  AS  FOLLOWED  BY  THE 
WESTINGHOUSE     ELECTRIC     AND 
MANUFACTURING  COMPANY. 

BY  MR  W.  J,  BECK. 

The  priDcipal  work  done  in  the  microscopic  study  of 
metal  has  been  with  low  carbon  sheet  steel  loused  for  electrical 
purposes),  although  some  attention  has  been  given  to  cast  iron, 
cast  steel,  cold  rolled  steel,  and  alloys  of  babbit  and  brasses. 

In  preparing  a  sample  for  a  photograph,  three  distinct 
operations  are  followed. 

First — Cutting  and  shaping  of  the  sample. 

Second — ^The  polishing  and  etching  of  the  surface  to  be 
photographed. 

Third — Microscopical  examination  and  photographing. 
CUTTING  AND  SHAPING  OF  THE  SAMPLE. 

4 

First — In  the  case  of  sheet  steel  analysis,  the  sheet  of  a 
known  heat  or  lot  is  selected,  and  strips  of  approximately 
J*  X 1"  are  cut  from  the  various  parts  of  the  sheet,  and  each  is 
recorded,  and  at  once  stamped  with  u  serial  number.  After 
having  selected  several  samples,  they  are  taken,  one  by  one,  and 
mounted  on  a  small  holder.  This  holder  consists  of  a  block  of 
hardened  steel  J"  xj"  x^*  with  perfectly  squared  sides.  Over 
this  is  a  small  frame  with  internal  dimensions  Y^V^'h't  *^d 
provided  with  small  thumb  screws  for  fastening  the  samples 
when  in  position.  In  forming  the  sample  on  the  holder,  it  is 
first  clamped  in  the  vise  between  the  holder,  and  a  second  piece 
of  hard  steel  in  order  to  obtain  a  smooth  surface  for  polishing. 
It  is  then  bent  down  on  the  sides  of  the  holder  forming  a 
U-shaped  piece  or  sample.  It  is  then  removed  from  the  vise, 
and  a  clamp  put  on,  holding  the  sample  in  position  with  the 


PAPEB  BY  W.  J.  BECK.  491 

thumb  6crewd.  This  gives  a  perfectly  flat  surface  on  top  and 
bottom  of  the  holder,  and  the  sample  need  not  be  removed  for 
examination  under  the  microscope  during  the  process  of 
polishing  and  photographing. 

POLISHING  AND  ETCHING  OF  THE  SAMPLES. 

The  apparatus  used  for  polishing  samples  of  metal  is  simi- 
lar to  the  apparatus  described  by  Mr.  Albert  Sauveur,  in  the 
Metalographist  of  October,  1901.  [This  polishing  machine 
consists  of  four  polishing  wheels  mounted  on  a  horizontal  shaft 
and  revolving  in  a  vertical  plane.  The  first  wheel  is  a  solid  fine 
grain  emery,  approximately  S''  in  diameter.  The  second  is  a 
metal  disc  covered  with  coarse  canvass  coated  with  an  emery 
paste.  The  third  and  fourth  are  made  up  of  a  wood  block,  the 
third  being  covered  with  a  good  quality  of  billiard  cloth,  and 
coated  with  a  white  paste,  consisting  principally  of  tripoli  and 
soap.  The  fourth  is  covered  with  a  heavy  broadcloth,  for 
which  is  used  a  paste  made  of  jeweler's  rouge.  An  average  of 
twenty  samples  have  already  been  prepared  without  renewing 
the  cloth  on  the  wheel,  which  can  be  done  in  a  very  short  time.] 

Having  mounted  the  sample  on  the  holder,  it  is  not  neces- 
sary to  do  any  filing  on  the  surface  to  be  polished,  there  being 
but  a  thin  coat  of  oxide  on  the  surface  which  can  be  easily 
removed  with  the  emery  wheel,  thus  giving  a  more  true  surface 
than  that  obtained  by  means  of  a  file  or  by  hand  on  emery  cloth. 

When  applying  the  sample  to  the  emery  wheel,  care  is 
taken  not  to  hold  to(»  long  in  one  position,  but  to  gradually  keep 
changing  to  avoid  cutting^eep  f urroughs  in  the  surface.  One 
or  two  slight  touches  of  the  sample  on  the  emery  wheel  is 
generally  sufficient  to  remove  the  scale  or  oxide.  It  is  then 
passed  to  the  second  wheel,  and  the  heavy  scratches  removed 
with  the  emery  paste.  The  sample  is  then  washed  thoroughly 
and  passed  to  the  third  wheel.  In  most  cases,  and  for  ordinary 
examinations  of  the  sample,  a  sufficiently  good  surface  is  obtain- 
ed from  this  wheel.     If,  however,  photographs  are  to  be  taken, 
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the  sample  is  again  thoroughly  washed,  then  applied  to  th& 
fourth  wheel  on  which  a  paste  made  of  jeweler's  rouge  is  used 
with  an  abundant  supply  of  water,  in  order  that  the  rouge 
does  not  become  hard  and  scratch  the  surface. 

THE  ETCHING  OF  THE  SAMPLE. 
The  method  followed  in  etching  a  soft  steel  sample  is  one 
in  which  it  is  possible  to  carry  on  the  etching  of  several  samples 
at  one  time.  Various  methods  have  been  tried,  but  the  results 
as  thus  far  obtained  have  been  with  the  use  of  a  solution  of 
diluted  nitric  acid.  The  strength  of  this  solution  is  approxi- 
mately one  part  nitric  acid  and  twenty  parts  water.  The  time 
required  to  give  a  properly  etched  surface  varies  from  ^  to  3^ 
minutes,  depending  upon  the  hardness  of  the  steel. 

MICROSCOPIC  examination  AND  PHOTOGRAPHING 

OF  THE  SAMPLE?. 

Third — The  apparatus  used  for  the  examination,  and 
photographing  of  the  samples  is  a  Bausch  &  Lomb  microscope 
with  camera  attachment,  and  fitted  with  apochromatic  objectives 
with  compensated  eye  pieces  and  a  mechanical  stage. 

The  light  used  is  from  a  D.  C.  arc  lamp,  automatically 
fed,  and  fitted  with  condensers  and  cooling  cells,  giving  parallel 
rays  which  are  concentrated  by  bulls  eye  through  a  ray  filter, 
and  then  thrown  on  the  illuminator  of  the  microscope. 

In  the  study  of  the  structure  of  the  metal,  the  image  is 
generally  thrown  on  a  screen,  which  makes  it  much  easier  to 
select  the  part  desired  for  the  photograph,  and  less  tiresome  to 
the  eyes.  Having  selected  the  section  to  be  photographed,  the 
plate  is  exposed  from  one  to  three  seconds,  depending  upon  the 
surface  of  the  sample,  and  quantity  of  light  admitted*.  By  the 
use  of  the  ray  filter,  much  more  satisfactory  results  have  been 
obtained,  and  it  is  thought  that  in  this  way  less  expensive 
objectives  may  be  used  with  very  good  results.  All  photo- 
graphs are  taken  at  about  80  diameters  for  convenience  m 
comparison  of  the  structure. 

^Offered  as  written  contribution  to  the  Discussion  by  Mr.  W.  J.  Beck. 
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Mb.  Hall^ — I  would  like  to  say  for  the  information  of  the 
members,  that  I  have  examined  some  brasses,  and  simply  took 
a  piece  of  sheet  brass  about  ^'^xl'',  and  turned  over  the  end^ 
leaving  the  face  on  top  possibly  l"  square.  This  is  very 
simple  and  easily  done,  and  furnished  quite  enough  surface  to 
show  the  structure. 

Mr.  Scott — In  the  process  Mr.  Beck  describes,  is  this 
preparation  long  and  tedious  ? 

Mr.  Skinner — The  process  which  Mr.  Beck  described 
required  a  comparatively  short  time.  Simply  bending  a  plate 
over,  as  Mr.  Hall  describes,  amounts  to  the  same  thing  so  far 
as  the  shape  is  concerned.  In  our  experiments  we  deal  almost 
exclusively  with  steels  never  above  .15  carbon,  and  in  sheets  of 
a  thickness  not  exceeding  1-32"  in  any  case.  You  will  see, 
therefore,  that  we  are  working  on  a  special  problem  which  has 
very  narrow  limits  as  to  chemical  analysis.  Professor  Sauveur 
has  spoken  of  the  use  of  metallography  in  solving  our  specially 
difficult  problems,  and  this  particular  work,  which  I  mention, 
was  instituted  for  the  purpose  of  trying  to  solve  one  which  we 
have  not  been  able  to  solve,  by  this  or  any  other  method.  It 
is  probably  known  to  a  considerable  number  of  those  present, 
that  steel  used  in  electrical  work  has  the  property  of  '*ageing". 
This  was  discovered  about  ten  years  ago,  and  electrical  engineers 
have  been  endeavoring  ever  since  to  discover  a  way  to  cure  it. 
This  ^'ageing''  consists  in  an  increase  in  the  electrical  losses  in 
the  steel  after  it  has  been  put  in  service.  These  losses  are 
brought  down  to  a  minimum  by  properly  annealing  before  the 
apparatus  is  built,  and  it  was  thought  when  this  phenomenon 
was  first  discovered  that  it  was  due  to  the  alternations  of  the 
magnetism  to  which  this  metal  is  subjected.  It  was  soon  dis- 
covered, however,  that  it  was  simply  a  phenomenon  of  heat, 
and  that  a  temperature  of  100  C.  would,  in  some  cases,  age  a 
steel  100%  in  ten  days.  Those  of  you  who  are  used  to  think- 
ing of  steel  as  a  permanent  material  may  be  very  much  surprised 
at  this  statement.       We   have  found   that  many  steels  age 
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almost  none  at  all,  and  that  some  age  very  much  with  no  ap- 
parent essential  difference  in  the  chemical  composition  or  phys- 
ical construction.  We  have,  therefore,  resorted  to  the  micro- 
scope, and  considerable  work  has  been  done  in  that  line.  Like 
many  others,  however,  we  have  been  somewhat  disappointed  in 
that,  we  have  not  found  what  makes  this  difference.  We  have, 
however,  found  out  a  number  of  things  which  have  been  of 
considerable  benefit  to  the  work,  and  our  efforts  have,  there- 
fore, not  been  fruitless.  In  our  examinations  we  have  follow- 
ed the  material  from  the  billet  to  the  sheet,  through  all  kinds 
of  annealing,  and  I  have  some  slides  which  might  possibly  be 
shown  later,  showing  samples  not  annealed,  and  samples  an- 
nealed as  much  as  25  to  80  times.  I  had  hoped  to  get  these 
on  the  screen  and  have  Professor  Sauveur  make  some  com- 
ments, and  I  still  hope  we  may  have  this  later. 

Prof.  Sauvkur — I  would  like  to  ask  whether  you  have 
been  able  to  find  any  relation  between  the  ageing  and  the 
structure  of  the  steel  ? 

Mr.  Skinner — No,  we  have  not  been  able  to  ascertain 
any  characteristics  which  seems  to  be  peculiar  to  steel  which 
has  aged.  We  think  we  have  a  clue,  however,  and  that  in 
most  cases  we  can  distinguish  material  which  will  prove  of 
good  quality.  This  quality,  by  the  way,  varies  considerably 
in  steels  of  the  same  kind  as  well  as  in  steels  of  different  kinds. 
As  to  the  cause  of  the  phenomenon  of  ageing,  pure  and  simple, 
we  have,  1  am  sorry  to  say,  very  little  clue.  In  the  first  place, 
I  may  say  that  it  is  exceedingly  difficult  to  test  a  particular 
piece  for  ageing  and  then  make  microphotographs  before  and 
afterwards.  A  sample  for  the  ageing  tests  requires  about  10 
lbs.  of  the  metal,  while  a  sample  for  microscopic  examination 
requires  only  a  few  grains,  and  it  is  very  difficult  to  combine 
the  results  of  the  two  tests  or  compare  them  in  such  a  way  as 
to  be  able  to  say  this  sample  did  change  and  this  did  not.  The 
structure  in  a  single  sheet  will  vary  in  different  parts,  due  to 
annealing,  etc. ,  and  even  in  low  carbon  steel  we  f oun<l  a  very 
considerable  difference. 
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Phof.  Sauveub — It  seems  to  me  the  best  way  to  handle 
a  question  of  that  kind  would  be  to  mark  a  certain  area  on 
your  piece  of  steel,  take  a  photograph  of  it,  then  in  due  time 
ascertained  whether  that  steel  has  aged,  and  by  taking  another 
photograph  of  the  same  area  see  if  you  can  find  any  corre- 
sponding change  in  structure. 

Mr.  Skinner — I  might  say  that  the  difficulty  there,  is  the 
one  I  hinted  at  a  moment  ago,  viz. ,  to  make  measurements 
showing  ageiog  requires  about  10  lbs.  of  the  metal,  and  we 
would  have  to  take  an  average  of  several  thousand  photographs 
to  be  sure  what  part  of  the  steel  aged. 

Mr.  Scott — It  strikes  me  there  is  a  good  deal  of  similarity 
between  steel  aud  bread.  Different  makers  of  steel  may  take 
the  same  materials  and  make  widely  varying  mixtures;  and  we 
all  know  that  cooks  can  produce  both  good  and  bad  combina- 
tions from  the  same  simple  ingredients. 

Mr.  Skinner — Mr.  Lewis  has  suggested  that  I  explain 
that  the  ageing  which'  occurs  in  steel  is  in  a  considerable  mass 
of  these  thin  plates  built  up,  and  we  do  not  know  whether  it  is 
one  or  the  other  or  all  which  have  to  do  with  the  ageing. 

Mr.  Tyler — I  have  been  very  inuch  interested  in  the 
talk  this  evening,  but  I  have  had  no  practical  experience  in  this 
line  of  work.  I  had  hoped,  however,  for  still  better  results 
than  those  we  have  so  far  secured.  I  also  hope  that  we  may 
be  able  to  obtain  satisfactory  results  from  a  determination  of 
alloys  in  connection  with  the  brass  foundry,  but  at  the  present 
time  we  have  not  done  very  much  in  this  respect.  I  remember 
of  having  an  experience  a  number  of  years  ago  with  a  tool 
steel  in  which  the  trouble  was  finally  found  to  be  due  to  the 
tempering  process  and  to  lack  of  drawing  the  temper  after 
plunging  bath. 

Mr.  Hall — I  cannot  contribute  anything  more  that 
would  be  of  particular  interest,  but  would  say  that  we  have 
examined  some  Babbitt  metals  which  had  exactly  Che  same 
chemical  composition,  and  they  looked  totally  unlike  each  other 
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under  the  microscope.  One  showed  a  mass  of  very  hurd  grains 
with  crystals  of  copper  and  tin  in  the  shape  of  six  pointed 
stars.  The  other  showed  a  large  number  of  white  oi  light 
colored  crystals  in  comparatively  small  grain  masses.  While 
we  have  not  as  yet  gone  into  the  subject  very  deeply,  this 
variation  is  undoubtly  due  to  the  heat  treatment  of  the  two 
Babbitts  and  possibly  one  was  poured  into  some  form  of  shell 
which  affected  its  structure.  1  simply  mention  this  as  corrob- 
orating Professor  JSauveur's  statement  of  the  effect  of  heat- 
ing and  cooling  metals. 

Mr.  Scott — I  believe  we  are  indebted  to  the  Scientific 
Materials  Company  for  the  apparatus  which  we  have  here  this 
evening.  Mr.  Davis  of  that  company  is  present  and  may 
have  something  to  say. 

Mr.  Davis — I  had  not  thought  of  saying  anything  in  this 
connection,  but  I  will  say  that  if  any  one  is  interested  in  this 
apparatus,  we  shall  be  very  glad  to  have  them  come  to  our 
store  rooms  at  No.  711  Penn  Avenue,  and  we  will  be  glad  to 
explain  the  apparatus,  its  manipulation,  etc.  As  Professor 
Sauveur  knows,  the  use  of  this  apparatus  along  the  line  of 
metallography  is  somewhat  new,  and  while  being  in  the  line  of 
work  developed  largely  under  this  direction  we  feel  that  we 
have  much  to  learn  as  much  as  anybody  else;  but  we  purpose 
to  carry  a  full  line  of  material  and  endeavor  to  meet  all  require- 
ments in  this  direction.  We  are,  of  course,  interested  in  it  from 
the  commercial  side  and  I  will  do  all  I  can  to  look  after  matters 
satisfactoily  in  this  connection.  From  the  remarks  made  here 
by  a  number  of  our  friends  there  is  apparently  going  to  be 
considerable  interest  in  this  line  of  work  around  Pittsburg. 
We  feel  that  we  can  take  care  of  the  commercial  side  of  the 
science. 

Mr.  Swensson — I  think  the  members  of  the  Society  would 
be  interested  in  knowing  something  about  the  actual  temper- 
atures of  annealing. 

Prof.  Sauveur — It  is  pretty  well  known  that  in  order  to 
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properly  anneal  a  piece  of  steel,  and  in  order  to  confer  a  fine 
structure  upon  it,  the  metal  should  bo  heated  past  the  critical 
point,  with  which  most  of  you  are  familiar,  that  is,  the  steel  is 
heated  to  a  certain  temperature — ^generally  in  the  neighborhood 
of  750  C.  where  it  passes  the  critical  point.  You  may  start 
out  with  a  very  coarse  structure,  and  when  the  metal  passes 
through  its  critical  stage  or  point,  at  about  750  C,  that  struc- 
ture is  destroyed  entirely  irrespective  of  its  original  condition. 

(At  this  point  Mr.  Albree  submitted  two  samples  of  steel 
forgings,  which  his  firm  is  furnishing  for  the  Government,  one 
oi  which  had  been  annealed,  and  the  other  not  annealed;  both 
being  fractured  to  show  appearance  of  the  grain,  and  asked 
Professor  Sauveur's  opinion  of  the  two  structures.  The  Pro- 
fessor stated  that  judging  from  the  appearance  to  the  naked 
eye,  the  piece  which  had  been  annealed  looked  the  coarser,  and 
suggested  that  it  might  have  been  annealed  at  too  high  a  tem- 
perature; he  also  remarked  that  the  appearance  of  the  fracture 
does  not  always  indicate  just  what  the  metal  is,  however.) 

Mr.  Bole — Supposing  that  the  temperature  of  annealing 
has  been  determined :  Does  the  time  in  bringing  that  steel  up 
to  that  temperature  have  any  important  effect;  or  the  time  that 
it  is  maintained  at  that  temperature;  or  the  time  occupied  in 
losing  that  temperature  ? 

Prof.  Sauveur — I  think  the  important  point  is  to  heat 
the  whole  piece  through  and  through  to  the  desired  temperature, 
and  if  you  are  dealing  with  pieces  of  large  cross  section,  it 
would  take  a  certain  time  to  obtain  that  temperature.  After 
you  have  once  reached  the  proper  temperature,  however,  I  do 
not  think  anything  is  gained  by  keeping  it  at  that  temperature. 
However,  I  think  the  slow  cooling  is  desirable. , 

Mr.  Bole — Would  not  slow  cooling  have  the  effect  of 
making  the  structure  very  coarse  ?  Would  it  not  make»  the 
steel  rather  poor  looking  ? 

Prop.  Sauveur — The  rate  of  cooling  from  a  high  tem- 
perature has  a  marked  effect  upon  the  coarseness  of  the  strno- 
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ture.  But,  if  the  piece  is  only  heated  to  the  critical  point,  and 
cooled  down  very  slowly,  the  structure  does  not  change,  be- 
cause it  is  below  the  critical  point.  It  is  above  the  critical 
point  that  the  crystaline  changes  take  place.  If  the  metal  is 
heated  only  to  the  critical  point,  or  possibly  a  little  above,  and 
cooled,  the  structure  remains  the  same.  But,  if  you  heat  it  to  a 
very  high  temperature,  the  rate  of  cooling  would  undoubtedly 
have  a  marked  influence  on  the  structure. 

Me.  Bole — Mr.  Bole,  suppose  a  piece  of  st^  was  heat- 
ed, and  cooled  very  quickly  by  plunging  in  oil. 

Prop.  Sauveur — ^That  would  harden  the  steel.  While 
the  carbon  is  passing  back  into  the  cement  condition,  it  is 
desirable  to  give  all  the  time  necessary  for  this  process  to  take 
place.  If  you  quench  it  too  quickly,  you  would  undoubtedly 
retain  some  of  the  carbon  in  the  hardening  conditions. 

Mr.  Lynch — I  would  like  to  ask  if  the  quality  of  cast- 
ings, and  particularly  large  ones,  could  not  be  improved  very 
much  by  covering  same  with  sand,  and  allowing  them  to  cool 
very  gradually.  Take  a  large  casting,  of  say,  50,000  lbs.,  and 
it  is  a  very  difficult  matter  to  cool  it  properly,  and  in  the 
particular  case  I  have  in  mind,  I  made  a  special  request  to  have 
the  casting  covered  as  much  as  three  feet  with  sand,  allowing 
it  to  cool  entirely  before  removing.  Is  not  this  a  very  good 
thing  to  do  with  heavy  castings  ? 

Prof.  Sauveur — If  you  examined  the  structure  of  your 
casting,  you  would  probably  find  it  of  a  relatively  coarse  nature, 
and  therefore,  not  as  ductile  as  it  might  be  made.  By  cooling 
in  the  method  you  described,  you  would  undoubtedly  relieve  the 
cooling  strains  very  much,  and  I  am  not  at  all  surprised  that  it 
resulted  in  an  increase  of  ductility. 

Mr.  Scott — I  would  like  to  make  a  suggestion.  Profes- 
sor, which  I  am  sure  will  be  acceptable  to  many,  if  not  all  of 
the  members,  and  that  is  that  you  give  us  the  names  of  any 
books  on  this  subject  which  may  be  published.  We  may 
want  to  look  up  some  of  these  things. 
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Prof.  Sauveur — I  suppose  you  have  all  heard  of  ''The 
Metallographist".  (Laughter).  A  good  text-book  is  vety 
much  Deeded,  and  it  is  to  be  hoped  that  one  will  soon  be 
published.  F.  Osmond,  a  French  Engineer  has  written  a  very 
good  paper,  which  can  be  used  by  most  students.  I  do  not 
know  of  anything  in  English  which  would  really  give  us  the 
information  desired.  The  French  book  I  mention  is  published 
by  the  Societe  d'  Encouragement  Pour  1'  Industrie  Nationale 
of  Paris. 

Mr.  Skinner — I  might  say  that  I  have  a  translation  of 
that  French  paper,  made  by  a  member  of  the  Carnegie  Steel 
Company,  and  it  is  very  complete.  I  would  also  state  that 
there  has  recently  been  a  book  published  in  English  upon  this- 
general  subject  by  Hiorns,  which  gives  some  very  good  in- 
formation. I  found  it  in  Weldin's  book  store,  in  Pittsburg* 
The  French  translation  to  which  I  referred,  consists  of  about  50 
or  60  typewritten  pages.  (This  translation  will  be  found  in 
these  proceedings,  following  the  discussion.) 

Mr.  Hall — I  am  not  acting  in  the  capacity  of  a  sales 
agent  for  the  Professor,  but  would  suggest  that  we  get  what 
he  has  published  in  that  line.  The  publications  are  in  four 
volumes,  and  it  is  a  very  complete  treatise  on  the  subject.  These 
volumes  also  contain  articles  by  all  the  well-known  metallo- 
graphists  in  this  country  and  abroad. 

Mr.  Scott — ^This  is  called  the  age  of  steel,  and  the  steel 
problem  is  one  of  the  most  intricate  and  difficult  with  which  we 
have  to  deal.  We  tried  first  to  solve  it  completely  by  chemical 
means.  We  made  chemical  analyses,  which,  of  course,  assist 
us  very  materially.  -But,  now  we  have  a  new  instrument 
brought  into  the  field,  which  adds  still  more  to  our  sources  of 
information.  Who  can  tell  but  that  there  is  some  other  realm 
beyond  which  will  reveal  other  ways  of  getting  at  and  solving 
this  problem. 

Mr.  Yardlby — While  listening  to  the  talk  here  this  even- 
ing, I  have  recalled  with  a  great  deal  of  interest,  not  only  what 
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I  know  of  this  subject,  but  what  I  do  not  know.  It  puts  me 
in  mind  of  a  conversation  with  Mr.  B.  F.  Jones,  whom  you 
all  know.  I  asked  Mr.  Jones  some  questions  about  the  manu- 
facture of  iron.  I  thought  then  it  was  a  simple  question,  and 
I  have  always  remembered  his  reply.  He  said,  '*If  you  had 
asked  me  that  question  20  years  ago  I  could  have  told  you  all 
abqut  it;  now  1  do  not  know." 

Mr.  Scott — I  think  the  point  Mr.  Yardley  brings  out  is 
a  very  good  one,  that  is,  to  find  out  what  we  do  not  know 
positively.  A  gentleman  came  to  me  not  long  ago  and  said  he 
wanted  to  find  out  how  to  figure  on  electrical  apparatus.  He 
wanted  to  know  all  about  generators,  how  to  get  the  right  size, 
the  best  type,  etc.,  etc.  1  told  him  that  if  he  would  pick  out 
about  one-half  xlozen  of  the  young  men  who  are  at  the  heads 
of  their  several  lines  of  work,  and  that  if  he  was  about  to 
learn  in  the  next  month  all  they  had  learned  in  the  last  ten 
years,  he  might  get  what  he  wanted. 

Mr.  S.  B.  Ely — I  think  the  Society  is  very  much  indebt- 
ed to  Professor  Sauveur  for  his  very  interesting  and  instructive 
lecture  here  this  evening,  and  I  move  that  we  tender  him  a 
vote  of  thanks. 

Motion  carried. 

Mr.  Hirsch — The  Programme  Committee  wishes  to  ack- 
nowledge the  courtesies  extended  to  the  Society  by  the  follow- 
ing companies  for  the  loan  of  apparatus  and  instruments  used 
on  the  occasion  of  Prof.  Sauveur's  lecture. 

The  Scientific  Materials  Co.,  Mr.  C.  H.  Davis,  Vice 
President,  711  Penn  Avenue,  Pittsburg,  Pa.  to  whom  the  Soc- 
iety is  endebted  for  use  of  the  full  complement  of  instruments 
used  in  the  demonstrations  during  the  lecture  ;  The  Westing- 
house  Electric  and  Manufacturing  Co.  ;  The  Westinghouse 
Machine  Co.,  also  to  Mr.  F.  C.  Schatz  of  the  House  Com- 
mittee, and  his  assistants,  Mr.  Harry  Tieman  and  Mr.  Wm. 
Blevins,  for  valuable  aid  rendered  in  setting  up  the  apparatus 
to  produce  the  direct  current  required. 
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Mr.  Scott — A  committee  was  appointed  at  the  last  meet- 
ing for  the  purpose  of  nominating  ofBcers  for  the  coming  year. 
Is  that  committee  ready  to  report? 

Mr.  Bole — The  committee  recommends  the  following 
ticket. 

President,  Chester  B.  Albree, 

Vice  President,  James  M.  Camp, 

Sec.  Vice  Pres.,  Samuel  Diescher, 

Director,  Selwyn  M.  Taylor, 

Director,  Prof.  S.  M.  Kintner, 

Secretary,  Mr.  C.  W.  Ridinger, 

Treasurer,  Mr.  A.  E.  Frost. 
Mr.    Scott — These   nominations   will    come   before   the 
annual  meeting  for  election. 

1  would  like  to  take  this  opportunity  of  welcoming  the 
gentlemen  here  who  are  not  members,  and  saying  that  I  think 
you  will  find  the  Society  a  great  help  in  your  work,  so  that  I 
hope  you  will  decide  to  join  us.  We  believe  we  have  a  Society 
here  that  is  amply  worthy  of  your  consideration,  and  we  feel 
that  the  more  members  of  the  riorht  kind  the  stroncrer  the 
organization  will  be.  We  have  some  little  books  here  which 
you  are  welcome  to  take  if  you  like.  These  very  clearly . 
indicate  the  nature  and  scope  of  our  Society. 

It  has  been  a  very  pleasant  custom  of  the  Society  to  meet 
at  the  University  Club  on  our  Society  evenings  and  informally 
dine  there  together.  We  have  averaged  something  like  fifty 
members  there  an  evening,  and  it  gives  us  the  opportunity  to 
have  a  very  social  time.  Our  Social  Committee  have  thought 
to  change  the  plan  somewhat  this  evening  (and  I  was  going  to 
say  have  saved  the  best  part  of  the  program  until  the  last,  but 
I  cannot  do  this  under  the  circumstances).  The  Committee, 
however,  assures  us  of  a  good  time  coming  in  our  own  rooms 
here.  At  the  University  Club  each  man  pays  for  himself  85 
cents  for  dinner.  Here  there  is  no  regular  charge,  for  mem* 
bers;  non-members  are  expected  to   help  themselves  but  not 
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f  erent  reactions,  and  the  recognition  under  all  circumstances  of 
the  different  constituents  of  steel.  The  system  that  I  am  about 
to  describe,  is  not  perfect,  and  certainly  needs  improvements  to 
render  it  more  sure.  However,  handled  with  prudence,  it  ap- 
pears to  me  to  be  an  instrument  of  some  utility  in  the  study  of 
metallurgical  problems.  I  dare  not  say  for  the  solution  of  these 
problems,  while  definite  solutions  recede  constantly  before  the 
searcher,  and  while  each  step  in  advance  opens  to  us  new 
regions,  of  which  we  know  nothing,  and  also  those  which  we 
think  we  understand. 

For  the  clearness  of  illustration,  I  beg  my  readers  to  for- 
get for  the  moment  that  which  they  have  learned,  and  to 
remember  only  that  steels,  no  matter  what  they  are  thought  to 
be,  are  not  homogeneous. 

I  do  not  mean  to  say  that  there  is  not  much  to  cherish  in 
the  experience,  which  has  been  bequeathed  to  us  by  former 
works,  but,  it  is  always  easier  to  build  a  house  of  new  material 
than  to  repair  and  enlarge  one.  In  proceeding  thus  I  hope 
to  render  the  initiation  easier  to  the  novice  and  engineers  of 
works,  who  have  neither  the  time  nor  the  means  to  begin  at 
the  beginning. 

As  to  contemporary  workers,  they  will  easily  recognize, 
amid  the  material  that  I  have  put  in  the  work,  that  which  is  of 
value,  and  adds  to  the  general  science. 

PRELIMINARY  OPERATIONS. 

Leaving  aside  the  study  of  fractures,  to  which,  unfortu- 
nately, we  can  only  apply  low  magnification,  the  first  oper- 
ation, when  we  wish  to  examine  a  specimen,  is  to  obtain  a  plain 
surface.  I  take  it  for  granted  that  the  surface  is  obtained  in 
the  work  shop  by  file,  lathe,  grind-stone  or  some  similar 
method,  chosen  according  to  the  hardness  of  the  metal,  and  the 
conveniences  at  hand.     It  remains  to  polish  the  surface. 

POLISHING  IN  GESTERAL. 

A  professional  polisher,  should  you  go  to  him,  first  puts 
the  test  piece  on  a  fine  emery  wheel,  then  on  a  buffing  wheel. 
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covered  with  rouge  and  wet  with  water,  and  taming  about  2000 
times  a  minute.  The  result  is  satisfactory  for  tempered  steel, 
but  not  for  annealed.  If  you  risk  an  observation,  the  work- 
man will  respond  that  it  cannot  be  done  better,  and  that  the 
defects  are  in  the  metal,  hence,  we  are  forced  to  do  it  ourselves. 
But  the  list  of  professions,  in  which  polishing  plays  a  part,  is 
of  but  little  help. 

For  useful  information,  we  must  consult  metallographists : 
Dr.  Sorby  and  Prof.  Martens  were  the  first  to  lay  down  good 
technical  rules  for  polishing  metallic  surfaces.  Yet  we  perceive 
very  quickly  that,  even  following  these  rules  as  closely  as  pos- 
sible, we  do  not  arrive  at  the  desired  results  at  the  first  trial, 
or  even  after  many  trials.  Each  one  must  go  through  his  ap- 
prenticeship, which  the  experience  of  others  may  shorten,  but 
not  supplant.  This  is  said  to  guard  my  readers  against  prema- 
ture discouragement.  I  will  describe  the  method  of  polishing 
which  I  arrived  at  finally. 

PREPARATORY   POLISHIXG. 

The  process  after  all,  is  the  same  as  that  of  the  artisan  in 

principal.     Roughing  with  emery  and  finishing  with  rouge, 

but  it  is  the  details  that  are  important.     Lacking  a  mechanical 

polisher,  I  replace,  in  imitation  of  Dr.  Sorby,  the  emery  wheel 

of  the  work-shop  by  finer  and  finer  emery  paper  placed  on 

plate  glass.     These  papers  should  be  of  regular  grain.     The 

powder  should  be  sufficiently  adherent  as  not  to  come  off  by 

rubbing,  and  the  wear  is  done  by  scratches  and  not  by  gouges 

with   incrustations,    as   happens   when  the   powder  is   loose. 

Finally  the  paper  and  glue  should  not  scratch  the  specimen  of 

themselves. 

The  papers  of  commerce  rarely  fulfill  these  conditions, 

but,  as  we  only  pay  one  cent  per  sheet,  we  have  no  right  to 

complain.     It  is  better  to  make  the  papers  which  you  need. 

For  that  purpose  1  buy  emery  powder,  called  120  minute,  i.  e., 

that  which  has  taken  120  minutes  to  settle  in  a  vessel,  of 

which  I  do  not  know  the  dimensions.     I  carefully  spread  thia 
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powder  in  water,  and  collect  the  deposits  at  definite  limes  in 
vessels.  Here  is  an  example  of  the  amount  deposited  at  the 
«nd  of  different  periods  of  time: 

SEPARATION  OF  100  PARTS. 


Deposited  in  less  than  one  minute ..... 
"       from  one  to  two         minutes 


two  to  five 
five  to  ten 
ten  to  twenty 
twenty  to  forty 
forty  to  sixty 
Not  deposited  in  sixty  minutes . 


a 
a 


a 
n 
a 
a 


a 


16 
IS 

8 

6 

U 

,     8 

11 

24 

100 
We  see  that  the  commercial  product  is  not  uniform.  The 
separated  powders,  when  collected  after  being  dried,  are  spread 
in  a  glue  of  the  albumen  which  is  employed  in  making  photo 
paper,  and  spread  on  the  best  quality  of  paper.  The  papers 
thus  made  are  not  beautiful  and  show  the  marks  of  handling, 
but  last  a  long  time  and  are  very  good. 

Without  speaking  here  of  the  preliminary  polishing, 
which  should  efface  the  coarser  scratches,  and  for  which  the 
papers  of  commerce  are  suited.  I  am  in  the  habit  of  rubbing 
my  specimen  100  to  200  times  on  each  1  to  2,  2  to  6,  6  to  10, 
10  to  20,  20  to  40.  It  is  good  to  cross  the  scratches  at  each 
change  of  paper,  to  see  whether  the  scratches  of  the  preceding 
paper  have  left  any  scratches  deeper  than  others.  The  finest 
papers  are  not  used.  The  other  colored  powders,  which  most 
likely  contain  more  hydrated  peroxide  than  emery,  encrusts 
the  soft  metal  and  depolishes  rather  than  polishes. 

When  the  emery  paper  is  good  the  polishing  may  be  fin- 
ished directly  with  rouge,  or  without  any  intermediate  powder. 
Neither  is  the  commercial  rouge  of  suitable  quality.  The 
rouge  known  as  * 'Steel  Rouge"  is  too  hard,  and  too  coarse  for 
steels  not  tempered.  The  rouge  for  gold  is  generally  better; 
e  ven  then  it  must  generally  be  washed. 
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I  believe  that  these  materials  alter  with  time;  maybe  by  a 
molecular  change,  and  in  an  oxide  of  iron  this  is  not  unlikely. 
In  brief,  it  is  better  to  prepare  your  own  rouge  carefully, 
avoiding  the  presence  of  all  hard  impurities,  calcine  the 
copperas  at  a  definite  temperature  and  separate  by  washing 
the  finest  parts  of  the  produce,  the  only  part  that  can  be  used. 

Bert  Henrivaux,  the  well-known  Director  of  the  Plate 
Glass  Works  at  St.  Gabin,  wished  to  save  me  the  trouble  and 
gave  me  a  sample  of  his  oxalate  rouge,  which  is  very  good  and 
which  has  been  very  useful  to  me.  I  powder  with  this  rouge 
a  piece  of  smooth  cloth  stretched  in  double  thickness  on  a  cast 
iron  plate  on  a  little  horizontal  polishing  machine.  The  ma- 
chine in  question  came  from  Germany,  where  I  saw  it  in  the 
laboratory  of  Prof.  Martens  at  Charlottenberg.  It  is  con- 
structed by  Luess  at  Steiglitz  near  Berlin,  and  cost  60  marks. 
You  hold  the  test  in  your  left  hand,  pressing  it  against  the 
cloth,  wet  with  distilled  water,  and  turn  the  crank  with  your 
right  hand  at  the  rate  of  200  turns  per  minute. 

When  the  polishing  with  emery  paper  has  been  well  done, 
the  scratches  rapidly  disappear.  One  has  more  difficulty  to 
get  rid  of  the  small  holes  found  most  often  in  soft  steel,  which 
seem  to  come  from  gouging,  and  which  it  is  important  to  get 
rid  of,  in  order  not  to  confound  them  with  porosity.  Soft 
steels  should  be  polished  twice  as  long  as  hard  steels.  It  is 
best  during  the  last  part  of  polishing  to  press  as  lightly  on  the 
cloth  as  possible. 

We  finally  obtain,  or  should  obtain,  a  nearly  specular 
surface,  even  when  the  metal  is  not  homogeneous,  providing 
that  the  cloth  is  not  too  wet  or  the  rouge  too  coarse.  But 
this  surface  usually  shows  only  the  presence  of  slags,  fissures 
or  porosity.  Ordinary  polishing  is  not  in  itself  a  very  useful 
means  of  investigation,  but  only  a  preparation  for  some  other 
process  of  micrographical  analysis. 

We  now  commence  the  description  of  the  special  pro- 
cesses, which  is  the  object  of  the  present  work. 
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GENERAL  METHOD. 

This  method  comprises  three  successive  operations.  Ist^ 
relief  polishing;  2nd,  etch  polishing;  3rd,  etching  with  chemical 
reagents. 

Ist.  Relief  Polishing,  When  we  polish  a  substance 
which  is  not  homogenous,  its  different  constituents  tend  to  wear 
away  unequally,  following  their  specific  properties  and  absolute 
dimensions,  and,  under  favorable  conditions,  showing  the- 
structure  by  the  unequal  relief  of  it^  elements.  This  is  relief 
polishing.  Dr.  Sorby,  Dr.'  Martens,  and  especially  M.  Behrens, 
obtained  by  this  method,  may-be  by  design  or  perhaps  acci- 
dentally, interesting  specimens. 

The  method  is  not  new.  I  only  strive  to  make  the  use  of 
it  more  systematic,  and  the  manipulation  easier.  To  obtain 
the  desired  results,  we  must  polish  on  a  surface  that  is  elastic 
enough  to  grasp  the  small  inequalities  in  proportion  as  they 
appear,  and  delicate  enough  to  show  up  or  cut  out  the  finest 
details.  That  which  I  find  the  best  is  parchment,  which  Dr. 
Sorby  has  already  made  use  of. 

We  stretch  it  out,  wet,  on  a  level  wooden  block,  and  tack 
it  down.  To  use  it  we  must  wet  it  again  and  powder  with 
rouge,  as  we  did  previously  for  the  cloth,  but  we  must  this 
time  guard  against  having  rouge  in  excess.  We  first  spread  on 
the  parchment,  and  rub  in  well  the  small  quantity  applied. 
The  block  is  then  put  under  a  water  faucet  and  washed,  brush- 
ing it  in  such  a  way  as  to  leave  no  rouge^  except  the  finest 
particles,  which  are  held  in  the  pores  of  parchment.  On  this 
we  rub  the  metallic  surface,  adding  from  lime  to  time  a  few 
drops  of  water  when  it  is  necessary.  The  hard  constituents 
appear  in  relief  in  proportion  to  their  relative  resistence  and 
greater  dimensions. 

Two  thousand  rubs  going  and  coming  for  8  cm.  is  gener- 
ally enough.  Nevertheless  the  finest  rouge  is  still  too  coarse, 
and  it  may  be  necessary  to  continue  the  polishing,  always  on 
wet  parchment,   with  precipitated  sulphate  of  lime.     I  have 
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:also  employed,  sometimes  with  great  success,  but  more  often 
with  inexplicable  failure,  barium  sulphate. 

We  can  thus  resolve  certain  details,  but  the  work  is  long 
4tnd  difficult,  and,  fortunately,  it  is  not  often  necessary. 

The  test  being  prepared,  it  remains  to  distinguish  under 
the  microscope,  a  relief  from  a  depression.  We  determine  this, 
provided  the  test  is  not  colored,  by  the  aid  of  an  artifice,  which, 
no  doubt  is  not  unknown,  though  I  have  not  seen  it  descriijed 
anywhere.  It  is  necessary  to  close  the  aperture  of  Beck's  Ver- 
tical Illuminator  by  a  small  diaphragm  2  to  5  m.  in  diameter. 
We  place  the  objective  a  little  below  the  point  of  focus,  and  raise 
it  gradually.  The  parts  which  appear  first  relatively  bright 
and  yellowish,  on  a  relatively  dark  baek-ground,  are  in  relief. 

The  depression  presents  an  inverse  appearance  so  well 
that  photographs  of  the  same  test,  taken  a  little  above  and  a 
little  below  the  middle  point,  are  nearly  negatives  of  one 
another.  The  distinction  is  particularly  clear  with  objective 
No.  5  of  Nachet  &  Son.  That  is  to  say,  for  an  enlargement  of 
200  to  300  diameters.  It  is  less  clear  for  higher  magnification, 
with  No.  9  immersion  of  same  make,  but  we  are  guided  by 
the  shadows,  especially  near  the  edge  of  the  field. 

2nd.  Etch  Polishmg.  The  second  operation  consists  of 
adding  to  the  mechanical  action  of  the  polishing  powder,  which 
is  chemically  inert,  that  of  a  reagent  which  is  inert  by  itself, 
but  in  which  the  activeness  is  produced  by  rubbing.  We  thus 
obtain  singular  eifects. 

Ammonical  water  not  only  does  not  oxidize  steel,  but 
preserves  it  from  oxidation;  hene«,  I  was  very  much  surprised 
one  day  while  polishing  a  piece  of  soft  steel  with  dilute  am- 
monia and  barium  sulphate,  to  see  my  steel  shade  gradually 
and  successively  into  all  the  colors  of  temper  in  their  habitual 
order,  and  in  such  a  way  that  the  hard  constituent  always  was 
one  degree  in  advance  of  the  soft  part.  Never  has  direct  heat- 
ing of  the  same  metal  furnished  so  good  an  illustration.  I  have 
not,  however,  deduced  any  results  from  this. 
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The  reagent  I  use  for  etch  polishing,  not  less  known  than 
ammonia,  is  an  infusion  of  licorice  root.  I  found  on  employ- 
ing it  with  rouge  and  sulphate  of  lime,  containing  the  base 
relief  polishing,  it  colored  certain  constituents  before,  or  to  the 
exclusion  .of  others.  There  remains  to  be  learned  what  is  the 
active  substance  or  property  which  the  licorice  ropt  gives  to  the 
water.  While  waiting  a  solution  of  this  problem,  I  am  in  the 
habit  of  macerating  10  grms.  of  licorice  root  for  hours  in  the 
cold,  in  100  c.  c.  of  H^O  and  filtering.  This  infusion  spoils- 
very  quickly,  and  becomes  more  and  more  active,  and  ends 
by  attacking  the  metal.  It  should  not  be  kept  more  than  eight 
days,  and  it  is  preferable  to  use  it  of  the  same  age  and  con- 
centration. 

3rd.  Etching.  After  etch  polishing,  we  put  the  test  back 
on  the  polishing  machine  to  remove  the  relief  and  the  color. 
We  then  etch  it  in  the  ordinary  sense  of  the  word.  The  re« 
agents  that  can  be  used  may  be  divided  into  three  classes  ^ 
acids,  the  valogens  and  salts. 

The  final  result  of  dissolving  steel  in  the  principal  acids  i» 
relatively  well-known.  But,  the  initial  process  of  a  very  in- 
complete action  in  a  dilute  solution,  is  more  obscure  and  prob- 
ably more  complex.  Hydrochloric  acid  of  10.6,  or  2  parts  to 
the  100  of  water,  (the  test  may  or  may  not  be  connected  to  the 
positive  pole  of  a  Grenst  cell),  sulphuric  acid  10  parts  to  the 
100,  chromic  acid  (the  reagent  of  Abel;,  hydrochloric  acid  in 
absolute  alchol,  (the  regaent  of  Martens)  have  all  been  used,  but 
none  of  them  seem  to  me  to  be  better  than  nitric  acid,  which 
is  more  generally  used,  and  which  will  be  described  later. 

We  may  use,  according  to  circumstances,  36  deg.  Baumi 
acid,  or  dilute  it  with  water  to  20  parts  to  the  100,  or  2  parts^ 
to  the  100. 

The  valogens,  which  attack  iron,  and  separate  the  carboa 
entirely,  have  a  more  simple  action  than  the  acids.  1  am  very 
well  satisfied  with  tincture  of  iodine.  This  tincture  should  not 
be  prepared  with  absolute  alcohol,  as  it  will  give  a  very  slight. 
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and  very  irregular  etch,  from  which  nothing  can  be  learned. 
That  sold  by  draggists  is  suitable. 

I  apply  it  in  successive  drops;  one  drop  to  the  square  centi- 
meter of  surface.  It  is  allowed  to  work  until  discolored. 
After  the  test  has  been  examined,  the  operation  is,  if  necessary, 
repeated.  The  first  application  is  generally  sufficient,  and 
sometimes  even  too  strong. 

Sulphate  of  copper,  bi-chloride  of  mercury,  chloride  of 
gold  and  potassium-platino  chloride  are  salts,  which  replace  the 
dissolved  iron  by  a  deposit  of  their  metal,  but  have  never  given 
me  very  encouraging  results.  The  number  of  my  experiments, 
however,  was  very  limited,  and  I  may  have  missed  the  favor- 
able conditions,  and  I  would  not  dissuade  anyone  from  repeat- 
ing the  experiments. 

In  the  end  I  only  used  tincture  of  iodine,  and  occasionally 
nitric  acid.  Wash  the  test  after  etching  in  tincture  of  iodine 
in  alcohol.  After  etching  in  nitric  acid,  wash  with  alcohol 
and  water,  and  dry  with  a  fine  cloth.  Drying  in  an  air  jet  is 
preferable,  when  it  can  be  obtained. 

The  drying  is  omitted  when  an  immersion  objective  is  to 
be  used.  With  the  aid  of  these  three  successive  operations, 
relief  polishing,  etch  polishing  and  etching,  and  by  means  of 
the  reactions,  which  they  show,  we  will  try  and  define  the 
primary  constituents  of  steel. 

THE  PRIMARY  CONSTITUENTS  OF  STEEL. 

I  call  primary  constituents,  all  parts  of  the  structure  whose 
micrographical  reactions  would  show  to  be  elements.  These 
constituents,  without  counting  slag,  are  five  in  number.  But  the 
list  is  very  provisional^  as  in  the  case  of  ordinary  substances, 
and  for  the  same  reasons.  The  progress  of  the  science  may 
bring  discoveries,  which  may  increase  or  decrease  the  number. 

1st.  The  first  constituent  of  steel  is  iron — pure,  or  prac- 
tically pure,  as  absolute  purity  is  mythical.  When  we  consider 
iron^as  an  element  of  structure  in  a  complex  aggregate,  it  be- 
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comes  necessary  to  give  it  a  particular  name,  and  I  have  given 
it  that  of  ^'Ferrite",  invented  by  M.  Howe,  in  imitation  of 
mineralogical  terms.  Ferrite,  under  relief  polishing,  at  first 
keeps  a  specular  surface,  but  if  the  operation  is  prolonged,  and, 
moreover,  if  we  finish  the  polishing  with  sulphate  of  lime  and 
water,  it  granulates  more  quickly  and  deeply  when  it  is  less 
dense.  When  in  masses  of  some  size,  it  resolves  at  length  into 
polyhedral  grains.  Polishing  on  parchment  with  sulphate  of 
lime,  and  an  infusion  of  licorice  root  produces  the  same  effects 
more  rapidly,  and  produces  no  coloration. 

Tincture  of  iodine  shows  the  same  results  in  three  or  four 
applications,  under  conditions  already  described.  Ferrite  never 
colors,  providing  it  is  sufBciently  pure  and  dense.  Nitric  acid 
also  shows  the  joints  of  the  grains  very  well,  but  it  colors,  or 
does  not  color,  according  to  circumstances  so  complex  that  it  is 
necessary  to  examine. 

If  we  place  under  the  microscope,  illuminated  with  the 
vertical  illuminator,  a  test  of  extra  soft  steel  in  nitric  acid,  of 
2  parts  to  the  100  (2  volt,  of  acid  36  deg.  Baume  in  998  vols, 
of  water),  and  watch  the  etching  for  half  an  hour,  we  see 
certain  grains  turn  yellow  and  brown  progressively,  while 
others  tarnish  without  coloring  or  remain  nearly  intact.  The 
grains  that  have  turned  brown  generally  remain  so  after  drying. 
On  making  the  same  experiment  with  acid  of  2  parts  to  the 
100,  the  ferrite  takes  beautiful  colors,  differing  from  one  grain 
to  another,  and  often  in  the  same  grain. 

These  colors  are  the  same  as  produced  in  the  air  by  tem- 
pering, and  we  have  at  the  same  time  yellow,  brown,  purple, 
blue,  green,  or  uncolored  grains,  with  continual  transformation* 
The  design  acquired  on  emerging  is  more  or  less  injured  by 
drying.  It  is  difficult  to  follow  the  rapid  etching  produced  by 
acid  20  parts  to  the  100,  but  an  acid  of  that  concentration 
often  furnishes,  after  drying,  a  specimen  in  which  the  ferrite 
is  more  or  less  eaten  away,  but  not  colored.  These  facts  lead 
us  to  believe  that  the  attack  begins  with  the  formation  of  a 
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thin  film  of  oxide  or  some  other  substance,  which  later  dissolves 
in  the  bath. 

According  to  the  formation  of  the  design,  at  a  certain 
point  progresses  more  rapidly  or  more  slowly  than  its  dissolu- 
tion, the  colors  appear,  or  do  not  appear,  and,  when  they  do 
appear,  may,  under  favorable  circumstances,  run  through  the 
color  scale,  either  ascending  or  descending.  The  phenomena 
are  so  complex  that  they  cannot,  even  in  the  cases  most  studied, 
be  exactly  predicted.  We  can  never  tell  certainly  when  we 
etch  a  steel  with  nitric  acid  on  a  given  concentration,  and  during 
a  given  time,  whether  we  will  obtain  the  ferrile,  and,  more- 
over, all  the  ferrite  colored,  or  not  colored.  Nitric  acid, 
although  it  can  render  excellent  service  with  known  steels,  for 
example  to  determine  the  final  temperature  of  hot  working, 
is  a  dangerous  reagent  for  micrographical  analysis,  and  has  led 
me  into  errors  more  than  once,  as  1  have  not  yet  learned  its 
manner  of  acting.  At  any  rate,  its  indications  should  be 
controlled  by  other  means,  and  no  doubt  the  same  may  be  said 
of  all  the  other  acids. 

2nd.  The  second  constituent  of  steels  is  carbide  of  iron, 
which  was  forseen  by  Karsten  and  Caron,  and  isolated  more  or 
less  intact  by  F.  E.  G.  Muller,  Sir  Fr.  Abel  and  others. 

It  is  a  carbide  to  which  results  that  were  the  same, 
although  obtained  by  different  methods,  have  given  the  prob- 
able formula  FOjC.  The  iron  in  steels  containing  manganese, 
or  chrome,  may  be  replaced  in  different  proportions  by  this 
manganese  or  chrome.  1  give  Fe^C  as  the  probable  formula, 
because  no  one  has  ever  succeeded  in  isolating  it  pure  and 
intact. 

Mr.  Howe  calls  it  "Cementite",  and  carbon  which  is 
found  in  definite  composition  has  been  called  **Carbon  of 
Cementation"  (carbon),  the  carbon  of  annealing  (Osmond  and 
Worth),  and  the  * 'Carbon  of  the  Normal  Carbide",  (Ledebur). 

It  is  in  cement  steel  that  cementite  is  found  in  the  largest 
masses,  and  is  most  easily  studied.     It  will  form  at  the  same 
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time  large  straight  lamellae  runniDg  parallel  to  each  other, 
similar  groups  bound  in  a  large  polygonal  network,  and  simple 
lamellae,  often  curved  and  inter-stratified  with  ferrite.  But, 
notwithstanding  the  doubts  of  Dr.  Sorby,  doubts  which  I 
shared  for  a  long  time,  I  think  that  to-day  we  can  identify  the 
>'Cfcmentite"  of  cement  steel  with  the  hard  constituent  of  cast 
and  forged  steel.  My  opinion  was  confirmed  by  the  analysis 
of  M.  Ledebur,  who  showed  through  the  identity  of  the  com- 
position, and  also  by  my  last  micrographical  observations.  It 
is  true  that  M.  M.  Arnold  and  Reed  have  distinguished,  in  the 
residue  left  by  treating  steel  by  Wely's  method,  two  carbides 
of  different  aspect,  one  brilliant  and  white,  the  other  being  dull 
and  gray.  The  difference  seems  to  reduce  to  this:  that  the 
brilliant  lamellae  are  compact  and  smooth,  while  the  dull 
lamellae  are  rough  and  poorly  united. 

The  characteristic  property  of  ^'Cementite"  is  its  hardness. 
Dr.  MuUer  likens  it  to  that  of  feldspar. 

The  variable  numbers  5  to  7,  given  by  Prof.  Behrens, 
are  explained  thus:  The  hardest  kind  being  due  to  the  pre- 
sence of  chrome,  and  the  softest  to  the  lack  of  density,  which 
has  already  been  mentioned.  Cementite  is  the  hardest  consti- 
tuent in  steels  (including  steel  that  has  been  water-hardened 
and  not  re-heated)  and  hence  is  easily  shown  by  brief  polish- 
ing, providing  that  it  is  not  spread  through  a  soft  mass  in  such 
a  finely  divided  state  that  the  microscope  cannot  distinguish 
it.     Then  it  can  only  be  determined  by  Chemical  Analysis. 

Etch  polishing  with  sulphate  of  lime  and  licorice,  as  far 
as  I  have  carried^  it,  does  not  color  cementite.  Tincture  of 
iodine  applied  eight  times,  always  under  the  conditions  indicated 
above,  does  not  color  cementite,  and  it  appears  silver  white 
under  perpendicular  illumination. 

It  does  not  color  for  40  seconds  at  least  in  cold  nitric  acid 
of  20  parts  to  the  100,  and  in  acid  of  2  parts  to  the  100  it 
does  not  color  for  a  much  longer  time. 

3rd.      Passing  to  the  third  constituent  of  steels.     Mr. 
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Sorby  described  it  first  under  the  name  of  "the  binary  consti- 
tuent", a  very  fine  mixture  of  alternative  hard  and  soft  lamel- 
lae, which  Mr.  Howe  calls  pearlyte  (Fig.  No.  249,  Plate  5 
shows  it  at  800  magnification,  an  eixample  obtained  by  etch 
polishing).  This  mixture,  from  which  it  has  taken  its  name, 
shows  under  oblique  illumination,  because  of  its  structure,  the 
iridescent  colors  of  the  mother-of-pearl,  provided  the  polishing 
or  the  etching  has  eaten  away  to  a  suitable  depth  the  soft  or 
solvent  lamellae,  but  there  is  no  need  of  laying  any  great  stress 
on  the  optical  phenomena,  which  are  already  understood  and 
which  have  already  been  explained  by  Tresuel.  As  a  direct 
chemical  analysis  shows  in  all  steels,  or  especially  in  annealed 
steels,  a  greater  or  less  proportion  of  carbide,  Fe^C,  i.  e., 
cementite. 

It  is  generally  admitted,  without  reserve,  the  hard  lamel- 
lae of  the  pearlyte  is  cementite,  the  soft  lamellae  ferrite,  and 
that  the  pearlyte  is  exclusively  a  mixture  of  the  primary  con- 
stituents already  described. 

But  is  it  alwavs  thus?  Take  steel  of  1. 25  carbon,  annealed 
at  750  deg.  C,  which  is  almost  entirely  formed  of  pearlyte 
conforming  to  the  discription  of  Sorby.  Polish  it  by  2,000 
rubs  on  a  parchment  web  with  water  and  rouge  and  examine 
it  under  the  microscope  with  perpendicular  illumination.  The 
alternate  lamellae  appear  clearly  at  some  points,  as  is  shown 
in  figure  249,  Plate  5,  but  it  is  the  exception.  Nearly  all  over 
one  sees  clearly  the  lamellae  structure,  but,  as  already  remarked 
by  Dr.  Sorby,  very  une(iually  developed,  and  with  reliefs  very 
often  so  indistinct  that  the  photographic  reproductions  at  an 
enlargement  of  800  diameters  completely  lack  clearness.  This 
first  fact  leads  us  to  suspect  that  the  alternate  lamellae  are  not 
always  so  different  in  hardness  as  ferrite  and  cementite.  But 
the  absolute  thickness  of  the  lamellae  may  also  play  a  part, 
and  the  finest  among  them,  which  scarcely  exceed  .001  of  a 
m.m.  may  not  be  resolved  by  the  polishing. 

Perhaps  because  the  grains  of  rouge  are  relatively  too 
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large,  or  maybe  because  the  relief  being  too  fragile,  they  break 
off  gradually  as  they  appear.  This  explanation  certainly 
contains  a  portion  of  truth.  But,  continue  the  experiment  by 
etch  polishing.  The  spots  poorly  resolved  by  the  rouge  do 
not  resolve  much  better,  but  instead,  at  the  end  of  a  certain 
number  of  rubs,  some  of  it  commences  to  color,  following,  rs 
we  proceed,  the  ascending  scale  of  the  temper  colors,  yellow, 
brown,  purple,  blue.  4t  a  given  moment  the  colors  are  very 
different  from  one  spot  to  another.  On  a  given  spot,  charac- 
terized by  a  definite  orient  action  of  the  lamellae,  the  design 
may  be  continued,  always  following  the  same  stripes,  or 
.  clearly  discontinued. 

The  uncolored  lamellae  themselves  may  be  in  bas-relief,  or 
high  relief.  We  obtain  results  altogether  analogous  with 
iodine,  on  the  application  of  the  first  drop  of  the  tincture,  even 
diluted  with  an  even  volume  of  95%  alcohol,  and  Fig.  344, 
Plate  5,  shows  such  a  test,  with  spots  well  or  badly  resolved. 

But  neither  the  ferrite  or  cementite  color  under  the  same 
conditions,  with  either  the  infusion  of  licorice  root,  or  iodine. 
We  are,  therefore,  decidedly  in  the  presence  of  a  new  primary 
constituent,  which  I  call  '^Sorbite'',  in  honor  of  the  first 
pioneer  in  metallography. 

The  facts  herein  contained,  show  that  the  alternate  lamel- 
.  ae  of  the  pearly te  can  be  formed  sometimes  of  cementite  and 
sorbite;  sometimes  by  sorbite  and  ferrite;  sometimes  by  two 
sorbites  differently  colored,  and  sometimes  by  cementite  and 
ferrite,  with  or  without  the  inter-position  of  sorbite.  I  believe 
but  cannot  say  surely,  that  the  femte  and  cementite  are  nevei 
in  immediate  contact,  owin^  to  the  difficulty  of  telling  whether 
the  test  is  colored  by  the  etching,  or  by  the  light.  It  is  very 
likely,  at  any  rate,  after  what  we  know  of  the  proportions  of  the 
cementite  in  a  steel,  and  what  we  see  of  the  area  occupied  by 
this  constituent  on  the  prepared  surface,  that  the  cementite 
may  be  diffused  into  the  sorbite  in  so  finely  divided  state  that 
an  enlargement  of  1,000  diameters  will  not  resolve  the  mixture. 
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I  have  proved  the  existence  of  sorbite  to  my  own  satisfaction, 
but,  I  know  nothing  positively  of  its  chemical  composition, 
and,  in  default  of  a  mechanical  method  of  separation,  the  prob- 
lem is  not  easily  solved. 

Now,  if  you  reflect  that  the  carbon  in  steels  is  never  inte- 
grately  in  combination  in  the  cementite,  one  is  lead  to  believe 
that  the  carbon  in  sorbite  partakes  of  the  variety  called  harden- 
ing carbon;  that,  which  volatilizes  in  the  attack  by  the  method 
of  Mueller,  and  colors  nitric  acid  relatively  little.  This  is  only 
a  supposition,  and  awaits  further  developments. 

4rth.  The  fourth  constituent  of  steel,  is  that  obtained  by 
water  hardening.  It  is  not  new,  but  the  structure  is  not  yet 
known.  Dr.  Sorby  speaks  with  the  greatest  reserve  of  an  ex- 
tremely fine  grain.  Prof.  Behrens  mentions  in  certain  speci- 
mens, that  he  has  examined  the  existence  of  a  soft  polygonal 
network,  but,  this  network  is  the  beginning  of  a  superficial 
decarbonization. 

The  researches  of  Prof.  Martens,  apply  to  steel  more  or 
less  soft,  and  show  the  unequal  distribution  of  the  carbon  in 
the  steel,  but  not  the  ultimate  structure  of  the  hard  portion.  I 
published  in  1891  a  photograph  of  medium  hard  tempered 
steel,  which  showed  in  oblique  light,  after  being  etched  in 
nitric  acid,  a  very  clean  watered  appearance,  but  1  interpreted 
this  observation  very  badly.  In  short,  as  we  see  the  grain 
diminish,  on  tempering  steels  containing  much  carbon,  until  it 
can  no  longer  be  seen  with  the  naked  eye,  we  would  naturally 
believe  that  the  structure  of  tempered  steel  tends  to  become 
amorphous.  It  is,  however,  as  we  shall  see,  distinctly  crystal- 
line. 

Take,  as  a  good  example,  0.46  carbon  steel  heated  to  825 
deg.,  and  tempered  at  720  deg.  in  a  freezing  mixture  of  20 
deg.  The  structure  only  appears  dimly  on  relief  polishing, 
which  shows  that  the  hardness  of  the  material  is  about  uniform, 
but  it  appears  well  on  etch  polishing.     (Fig.  260,  Plate  4.) 

We  then  see  in  slight  depression,  groups  of  needles,  or 
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rather  straight  fibres  in  parallel  formatioD,  and  sometimes 
separated  by  a  rough  or  verlculated  substance.  Three  systems 
of  fibers,  respectively  parallel  to  the  three  sides  of  a  triaDgle, 
often  intercept  in  the  same  region  and  characterize,  according 
to  information  given  to  me  by  M.  Michel  Levy,  crystals  of  the 
cubic  system.  I  call  this  constituent  **Martensite",.  from 
Prof.  Martens,  who  established  in  Germany,  in  1878,  an  inde- 
X)endent  center  for  metallurgical  research,  and  has  since  then 
continued  his  studies  with  much  perseverence,  skill  and  success. 

Martensite,  shown  by  etch  polishing,  is  either  not  colored, 
or  is  a  pale  yellow  after  2000  rubs  on  parchment,  wet  with 
licorice  water.  It  is  colored,  on  the  contrary,  by  the  first  drops 
of  tincture  of  iodine  to  a  yellow  brown,  or  black,  according  to 
the  percentage  of  carbon;  the  fibre  always  appearing  clearly. 
Because  of  this  difference  in  coloring  and  etching,  we  cannot 
say  positively  that  Martensite  is  a  primary  constituent  of  steel. 

But  the  observed  facts  may  also  be  explained  by  the  jux- 
taposition of  the  first  fibres,  and  the  tendency  of  these  fibres  to 
eject  the  carbon  from  their  organism.  Being  in  this  doubt,  it 
is  natural  to  adopt  provisionally  the  most  simply  hypothesis. 

Whatever  it  may  be,  martensite  preserves  its  form  as  well 
in  the  parts  of  soft  steel,  that  have  been  hardened  by  temper- 
ing, as  in  the  hardest  steel;  with  this  sole  difference,  that  the 
less  the  percentage  of  carbon,  everything  else  being  the  same, 
the  Iono:er  and  more  divided  are  the  needles.  It  is  l)ecause  of 
this  characteristic,  that  we  are  able  to  recognize  it  in  steel  of 
different  hardness.  It  is,  therefore,  certainly  not  a  definite 
liquated  combination  of  iron  with  carbon;  it  represents  the 
crystalline  organization,  under  the  influence  of  carbon,  of 
one  of  the  allotropic  varieties  of  iron.  The  forms  that  we 
find  preserved  by  rapid  cooling  may,  however,  be  pseudo- 
amorphous,  and  I  do  not  give  them  as  a  sufficient  argument  in 
favor  of  the  actual  presence  of  the  corresponding  alUitropic 
variety  in  tempered  steel . 

5th.     We  have  now  only  to  examine  the  fifth  constituent 
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of  steel.  It  is  in  the  medium  hard  steels,  tempered  during  tim 
transformation  of  the  iron,  that  it  is  most  plainly  seen.  Lot 
us  take  again  a  0.45  carbon  steel  heated  to  825  deg.  and 
tempered  at  690  deg.  Relief  polishing  shows  spots  in  relM^ 
and  strips  that  are  depressed,  and,  between  the  two,  a  binding 
of  variable  size  and  intermediate  hardness.  After  etch  polish- 
ing, we  ascertain  that  the  hard  spots  are  martensite,  and  the 
soft  strips  ferrite.  As  to  the  interspersed  binding,  it  is  color* 
ed  with  the  temper  colors,  but  less  rapidly  than  either  ferrita 
or  sorbite,  under  the  same  conditions,  and  the  coloring  ii 
irregular  like  that  in  marble  (Fig.  208,  Plate  5). 

The  structure  is  nearly  amorphous,  very  slightly  granular, 
and  uneven.  The  first  or  second  application  of  tincture  of 
iodine,  gives  the  same  effect.  The  fifth  constituent,  which  is 
more  nearly  related  to  me,  I  will  call  **Troostite",  after  a  friend 
who  has  rendered  great  service  to  the  science  of  metallurgy. 

We  see  that  troostite  is  a  transition  formed  between  ihn 
soft  iron  and  quenched  steel.  But,  like  Sorbite,  it  is  only  re- 
cognized by  its  micrographical  reactions,  and  its  chemical 
composition  has  yet  to  be  determined. 

MICROGRAPHICAL  SEPARATION  OF  THE  CONSTITUENTS. 

As  we  know  the  five  constituents  of  steel,  and  the  waj 
each  behaves  under  the  different  operations,  we  oan  take  up 
the  analysis  in  its  application  to  the  Micrographical  Separatioa 
of  the  Constituents.  The  following  are  abstracts  made  from 
the  operations  of  polishing. 

Ist.  Polish  in  lelief  on  wet  parchment  covered  with 
rouge  (2,000  rubs)  and  examine  under  the  microscope.  Bj 
continuing  the  polishing  with  sulphate  of  lime  and  water,  tha 
joints  and  grains  of  the  Ferrite  may  be  made  to  appear,  bat 
this  may  be  more  easily  shown  with  iodine  or  nitric  acid. 

2nd.  Polish  on  parchment  with  sulphate  of  lime  wet 
with  licorice  water.  Examine  with  the  microscope  after  every 
500  rubs.  It  is  not  generally  necessary  to  exceed  2,000  rufai^ 
but  we  must  take  into  consideration  the  age  and  concentratiaai 
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of  the  licorice  water.     A  certain  amount  of  personal  experience 

is  indispensable.     The  presence  or  absence  of  color  divides  the 

constituents  into  two  groups;  Martensite,  however,  is  some- 

tinies  colored  and  sometimes  uncolored: — 

(  Ferrite, 
(A)     Constituents  which  do  not  color  }  Cementite, 

(  Martensite. 

iMartensite, 
Troastite, 
Sorbite. 

Martensite,  which  at  most  only  takes  a  yellow  color,  is 
recognized  by  its  crystalline  form.  An  experienced  observer 
might  confound  it  with  Pearlyte,  especially  in  an  oblique  light, 
because  it  may  give  rise  to  the  same  color  phenomena,  and 
the  elements  of  the  structure  may  be  of  the  same  size.  The 
distinction,  however,  is  not  hard.  The  principal  needles  of  the 
Martensite  are  straight  and  often  intersect.  The  lamellae  of 
the  Pearlyte  are  generally  curved  and  never  intersect. 

Ferrite  and  Cementite  may  be  distinguished  by  their 
difference  in  hardness,  which  shows  the  first  depressed  and  the 
second  in  relief  with  respect  to  all  other  constituents.  In  the 
second  group  Troastite  colors  more  gradually  and  less  uniform- 
ly than  Sorbite,  but  the  real  difference  is  that  Troastite  is  the 
companion  of  Martensite,  while  Sorbite  is  that  of  Cementite  in 
Pearlyte. 

8rd.  After  replacing  the  last  on  the  polishing  wheel  to 
remove  the  color  and  relief,  we  etch  with  iodine;  one  drop  to 
the  square  Cm.  and  let  it  act  until  discolored.  Wash  with 
alcohol  after  each  ap()lication.  Dry  and  examine  under  the 
microscope.  The  first  application  should  be  made  with  a 
tincture  of  one-half  the  ordinary  strength.  It  is  rarely  neces- 
sary to  make  more  than  two  or  three  applications. 

Iodine  again  divides  the  constituents  into  two  groups: — 

{Ferrite, 
Cementite. 
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Sorbite, 


(B)     Constitueots    which    color- 


fborbite, 
Troastite, 
Martensite. 


The  three  constituents  of  group  B  are  classified  in  the 
orJer  in  which  they  show  color.  The  tone  and  intensity  of  the 
coloration  varies  with  the  percentage  of  Carbon,  and  the 
quantity  of  the  reagent  employed.  In  the  first  group  we  can, 
if  we  wish  to  make  a  chemical  distinction  between  Ferrite  and 
Cementite,  try  to  color  or  tarnish  the  Ferrite  by  putting  the 
specimen  in  nitric  acid  two  parts  to  the  100,  and  letting  it 
remain  from  ten  to  twenty  seconds,  but  the  results  is  always 
uncertain  and  is  seldom  used,  except  for  hard  steels.  It 
would  be  very  useful  if  we  could  find  a  more  certain  reagent. 

This  seems  to  be,  while  awaiting  new  developments,  the 
best  method  to  obtain  satisfactorv  results.  I  do  not  wish  to 
convey  the  idea  that  the  method  given  equals  in  accuracy  and 
precision  that  of  petrography,  or  chemical  analysis.  In  the 
first  place  the  different  constituents  are  not  definitely  etched, 
or  not  etched  by  the  different  reagents,  they  are  more  or  less 
etched,  or  are  not  etched  during  a  given  time. 

Again,  no  constituent  has  a  definite  composition.  Pure 
Ferrite  does  not  exist,  and  we  are  obliged  to  consider  it 
approximately  pure  iron.  Cementite,  it  is  true,  has  a  formula, 
but  it  may  spread  itself  out  and  separate  in  the  Sorbite. 
Sorbite,  Troastite  and  Martensite  appear  to  be  solidified  solu- 
tions of  different  forms  of  Carbon  in  different  forms  of  iron, 
and  pass  gradually  into  Jerrite  when  their  percentage  of 
Carbo'n  diminishes.  The  Sorbite  of  annealed  steel  and  the 
Troastite  of  quenched  steel  appear  to  unite  for  certain  rates  of 
cooling,  which  are  neither  very  slow  nor  very  rapid. 

These  rates  may  be  obtained  in  practice  by  quenching  in 
oil  or  lead.  We  have,  therefore,  often  to  deal  with  transition 
forms,  which  are  the  despair  of  the  Classifier.  But  the  Class- 
ifications are  none  the  less  necessary,  and  the  divisions  which  I 
have  made  will  enable  me,  I  hope,  to  show  more  clearly  how 
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the  structure  of  steel  varies  with  tBe  variation  of  the  percent- 
age of  Carbon,  and  how  it  changes  under  the  influence  of  heat 
and  according  to  the  rate  of  cooling. 

DETAILED  EXAMINATION  OF  A  FEW  STEELS. 

My  experiments  were  with  four  specimens  of  steel,  with 
increasing  percentages  of  Carbon,  the  other  impurities  being 
present  in  small  quantities  and  varying  little.  The  first  of 
these  specimens  has  exceptionally  little  Carbon.  The  second 
represents  soft  steel  used  for  sheet  iron.  The  third  is  medium 
hard  steel,  for  common  rails,  armor  plate,  etc.  The  fourth  is 
tool  steel.     This  is  the  chemical  composition. 
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The  transformation  of  the  structure  is  confined  to  the 
critical  points,  hence  it  is  necessary  to  determine  these  points. 
The  results  are  shown  by  the  curve  in  Fig.  1,  page  22,  con- 
structed by  the  same  process  I  employed  in  my  previous  pub- 
lications, that  is  to  say  that  the  abscissae  are  the  temperatures 
and  ordinates  are  the  times  it  takes  the  thermometer,  under 
the  given  conditions  of  cooling,  to  descend  one  degree  to  the 
thermo-electric  pyrometer  of  M.  Le  Cahtelier  (about  10°  C.) 

The  essential  figures  are  collected  in  the  following  table, 
attached  hereto.  During  the  heating,  the  1.24  Carbon  steel 
shows  a  stationary  temperature,  for  a  time  at  705  deg.  C.  The 
0.45  Carbon  steel  also  shows  this,  but  not  to  such  a  marked 
degree. 

I  recall  that  the  point  Ar  1  corresponds  to  Barrettes  point 
of  recalesence,  and  the  transformation  of  the  Carbon  from  the 
hardening  Carbon  to  the  Carbon  of  annealed  steel,  while  the 
points  Ar  3  and  Ar  2  show  the  allotropic  changes  in  iron. 

The  results  of  experiments  made  in  1891,  and  mentioned 
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for  the  first  time  in  1892,  in  a  report  ''On  the  Method  of 
Cooling,"  made  iKjfore  the  Commissioner  of  Testing  Methods, 
experiments  that  have  since  been  confirmed  by  M.  Curie,  show 
that  these  two  changes  in  iron  are  distinct,  something  that  my 
previous  researches  did  not  determine.  In  other  words,  the 
steel  is  in  the  V.  state,  above  Ar  3;  B,  between  Ar  3  and 
Ar  2,  and  L.  below  Ar  2. 

The  work  of  Dr.  Ball  and  M.  Curie,  made  very  probable 
the  existence  of  a  4th  allotropic  state,  above  1800  deg.  C.  or, 
maybe,  a  return  to  the  B  state. 

AH  my  specimens  were  originally  forged.     The  first  in 
squares  of  6x6  mm.;  the  three  others  were  round,  and  12x13 • 
mm.  in  diameter;  from  these  last  two  discs,  7  mm.  thick  were 
cut  from  the  cold  metal. 

The  forging  of  these  last  was  finished  at  a  dark  red  heat, 
in  such  a  manner  as  to  give  the  finest  possible  grain,  but  with- 
out crushing.  It  was  my  idea  in  thus  starting  with  forged 
metal  to  destroy  all  lack  of  homogenity  existing  in  the  raw 
casting.  The  structure  of  ingots,  and  the  changes  made  in  them 
by  working,  tempering  or  annealing,  should  be  studied  by  them- 
selves, and  have  already  been  made  the  subject  of  an  important 
memoir,  presented  by  M.  Martens,  at  the  Chicago  Congress. 

The  specimens  having  been  prepared  as  described,  were 
subjected,  under  exactly  fixed  conditions,  to  different  heat 
treatments;  hardened  or  annealed,  determined  from  the  position 
of  the  cricital  points,  and  which  will  be  shown  at  the  same  time 
as  the  Micrographical  Analysis. 

As  it  is  important  to  define  doubtful  terms,  I  shall  call 
* 'Annealed"  all  heats  above  Avl,  followed  by  a  cooling  which 
is  slow  enough  not  to  disturb  the  points  of  transformation,  no 
matter  how  long  the  maximum  temperature  was  maintained. 
I  call  "Q^ienched"  all  coolings  which  are  rapid  enough  to  dis- 
place the  transformation  points,  and  I  call  ''Revenu"  all  re- 
heating after  quenching  up  to  a  temperature  lower  than  Arl, 
whatever  may  be  the  subsequent  cooling. 
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In  all  my  annealing  experiments  the  specimens  were  held 
between  two  plugs  of  asbestos,  placed  in  the  tube,  heated  in  the 
furnace  of  Leclercq  and  Farquignon,  and  reached  the  desired 
temperature  in  30  minutes.  The  tubes  were  then  closed  and 
left  to  cool,  the  furnace  being  covered. 

With  tests  that  have  undergone  a  heat  treatment,  it  is 
necessary  to  remove  with  a  file  or  giind-stone  about  1  mm.  of 
the  surface,  in  order  to  remove  any  metal  that  may  have  been 
superficially  oxidized  or  carbonized.  Only  transverse  sections 
are  of  importance  in  microscopic  analysis.  Longitudinal 
sections  are  also  of  interest,  but  only  for  the  study,  deforma- 
tions taking  place  when  the  piece  is  hot;  a  study  which  is  not 
the  principal  object  of  this  article. 

After  this  general  description,  we  will  go  on  to  detailed 
examinations  of  the  four  steels  selected. 

Steel  cmitaining  ,0^  Carhon.  This  metal  is  a  product  of 
smelting,  and  originally  contains  .07  Carbon.  M.  Hadfield, 
who  kindly  furnished  me  with  it,  lowered  it  to  .02  by  a  pro- 
longed annealing  in  oxide  of  iron  (the  process  for  the  manufac- 
ture of  malleable  castings).  The  rest  of  the  analysis  given  in 
the  table  was  made  on  the  metal  before  annealing  in  M.  Had- 
field's  laboratory.  During  the  annealing,  the  oxidizable  ele- 
ments, such  as  Silicon  and  Manganese,  were  probably  partly 
scorified.  The  percentage  of  Carbon  after  annealing  cannot  be 
stated  absolutely,  but  at  any  rate  relief  polishing  does  not  show 
any  Cementite. 

Annealing  and  hardening  at  different  temperatures,  includ- 
ing white  heat,  does  not  produce  any  appreciable  change  in  the 
structure,  and  the  description  of  one  of  these  structures  will 
do  for  all.  The  preliminary  polishing  showed  numerous  inclu- 
sions of  slag.  The  network  of  joints  in  the  Ferrite  begina  to 
develop  under  the  relief  polishing  and  etch  polishing,  but  the 
same  structure  may  be  shown  much  better  and  more  easily  by 
etching  with  the  tincture  of  iodine  (3  applications  of  a  drop 
each,  left  undisturbed  until  the  drop  discolors.) 
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The  black  patches  (Fig.  307,  Plat©  2,  100  diameters)  are 
slag.  The  Ferrite  is  in  large  grains,  very  irregular  in  size  and 
shape,  which  may  be  sub-divided  into  grains' smaller,  more 
regular  and  less  clearly  shown.  The  grains  are  attacked  very 
unequally,  and  in  view  of  the  pureness  of  steel,  this  is  no  doubt 
due  to  a  difference  in  density  between  the  grains,  or  even  in  the 
same  grain. 

It  seems,  from  the  result  of  the  examination  of  this  speci- 
men,  that  the  structure  of  pure  iron  is  independent,  at  least 
within  certain  limits  of  the  temperature  of  heating  and  the  rate 
of  cooling 

Steel  containing  .7-^  Carbon.  (Forged  Metal.)  After  pol- 
ishing in  base  relief  (Fig.  96,  Plate  2,  100  Diameters)  numer^ 
ous  scattered  filaments,  more  or  less  distorted,  ftre  shown  in 
relief,  and  appear  dark  in  the  photograph  taken  a  little  above 
the  middle  point.  These  are  strips  of  Pearly te,  a  mixture  of 
Cementite  and  Sorbite,  which  may  reduce  to  a  simple  lamellae. 

Prof.  Wedding  has  already  shown  this  by  heating  in  the 
temper  colors,  and  described  it  under  the  name  of  '^crystalline 
iron."  The  remainder  is  Ferrite.  By  a  prolonged  polishing 
on  parchment  with  sulphate  of  lime  and  water  (11,000  rubs  for 
the  sample  under  consideration)  we  gradually  show  a  net  work 
separating  the  Ferrite  into  contiguous  polyhedric  grains,  and 
joining  the  strips  of  Pearlyte,  which  are  almost  always  external 
(Fig.  100,  Plate  2,  100  Diameters.)  The  grains  themselves  do 
not  form  a  specular  surface,  some  being  slightly  depressed, 
and  others  slightly  in  relief,  as  is  shown  by  their  relative 
amount  of  illumination  with  the  different  positions  of  the  ob- 
jective. 

This  is  more  plainly  seen  by  the  variations,  in  the  shadows, 
under  a  higher  magnification  (Fig.  101,  Plate  2,  400  Diameters.) 

After  etching  with  four  applications  of  tincture  of  iodine 
(Fig.  322,  Plate  2,  100  Diameters)  some  grains  are  slightly 
colored  to  a  yellow  or  brown,  which  seems  to  show  the  presence 
of  traces  of  Carbon.     The  Pearlite  is  shown  by  dark  spots. 
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After  etching  with  Nitric  Acid,  20  to  the  100,  for  12  seconds, 
some  of  the  grains  are  deeply  etched,  while  others  are  not  at- 
tacked (Fig.  162,  Plate  2,  500  Diameters.)  The  Pearlyte  of 
the  enlarged  joints  is  not  clearly  shown.  On  selecting  a  spot 
on  the  test,  and  following  each  grain  through  the  different 
phases  of  the  operations,  both  by  photograph  and  superimpos- 
ing diagrams,  I  did  not  find  any  definite  relation  existing  be- 
tween the  reliefs  due  to  polishing,  the  colors  produced  by  iodine, 
and  the  etching  of  Nitric  Acid. 

The  observed  facts  may  be  attributed  to  several  causes, 
principally  to  the  unequal  distribution  of  the  foreign  matter, 
and  the'difference  in  density.  This  question  of  density  or  por- 
ousity  is  as  important  in  microscopical  micrography  as  it  is 
vexatious.  I  do  not  mean  the  porousity  that  may  be  seea 
with  the  naked  eye  or  the  microscope,  and  which  is  common  in 
cast  steel,  and  which  is  found  in  the  central  parts  of  pieces 
forged  or  laminated,  but  1  mean  that  invisilble  porousity  which 
can  be  no  larger  than  the  molecules  themselves,  and  which 
shows  the  effects  of  polishing  and  etching. 

It  is  this  that  largely  explains  the  different  colors  taken 
by  the  different;  grains  of  the  same  constituents,  when  sub- 
jected  to  the  action  of  acids  in  general,  and  especially  very 
dilute  Nitric  Acid  (50  Vols,  or  more  of  water.)  It  is  because 
of  this  that  I  restrict,  and  do  not  advise  the  use  of  these  re- 
agents  in  the  work. 

The  body  of  the  Ferrite  may  be  considered  as  an  agglomer- 
ation of  globules,  more  or  less  stuck  together,  which  seem  to 
show,  when  suitably  etched,  a  tendency  to  arrange  themselves 
in  the  form  of  pearl  mica  or  lamellea.  The  net  work  of  these 
joints  separates  the  grains  into  polyhedral,  which  may  be  penta- 
fifonal  dodecahedra  more  or  less  distorted. 

We  see  that  the  method  of  analysis  used  enables  us  to 
make,  in  the  structure  a  very  soft  steel,  a  distinction  between 
joints  and  strips  of  Pearlyte  which  etching,  especially  deep 
etching  with  Nitric  Acid,  tends  to  hide.     This  distinction  once 
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made,  Nitric  Acid  (20  to  the  100)  is  very  useful  in  making  a 
rapid  determination  of  the  average  size  of  the  grains  in  speci- 
mens roughly  polished. 

(B)  Influence  of  Anrualing.  As  the  temperature  rises, 
other  things  being  the  same,  the  polyhedra  of  Ferrite  enlarges 
slowJy  at  first  and  keeping  their  shape.  Above  1,000  degrees, 
they  become  irregular,  and  tend  to  elongate  into  groups  of 
juxta  posed  bonds.  The  Pearly te  generally  remain  outside  the 
formation  of  the  Ferrite,  and  stratifies  to  the  joints. 

For  a  given  steel,  the  form  and  dimension  of  the  grain  is 
characteristic  of  the  annealing  temx)erature,  with  enough  pre- 
cision for  all  practical  purposes.  The  three  figures,  167,  159 
and  160,  Plate  2,  show,  at  the  ordinary  magnification  of  100 
Diameters,  and  after  etchiog  with  Mitric  Acid  (20  parts  to  the 
100)  the  same  forged  steel.  Annealed  or  not  annealed  at  750 
deg.  (157.)  Annealed  at  1015  deg.  (159)  and  annealed  at 
1330  deg.  (160.) 

{C)  The  Influence  of  Quenching.  The  first  specimen  was 
heated  at  960  deg.,  at  which  temperature  the  point  Acs  is 
certainly  passed,  and  cooled  slowly  to  670  dog.  and  quenched, 
that  is  between  Ar  1  and  Ar  2,  in  water  at  15  deg.  Eelief 
polishing  shows  many  inclusions,  thicker,  less  spread  out,  and 
less  distorted  than  those  in  the  annealed  specimen  (Fig.  140, 
Plate  2,  100  Diameters.) 

The  rest  of  the  analysis  shows  that  these  inclusions  are 
no  longer  Pearly  te,  as  in  annealed  steel;  they  are  not  scratched 
by  a  needle.  This  is  Martensite,  with  a  fine  binding  of  Troos- 
tite,  which  blackens  on  etch  polishing.  Iodine  or  Nitric 
Acid  show  that  the  remainder  is  Ferrite  in  polyhedric  grains, 
exactly  the  same  as  those  in  steel  cooled  slowly  from  the  same 
temperature. 

A  second  specimen  was  heated  like  the  first,  to  960 
deg.  and  quenched  at  770  deg.,  that  is  between  the  points  Ar2 
and  Ar3.  The  hard  grains  are  put  in  relief,  by  relief  polishing, 
and  which  are  resolved,  and  colored  yellow  by  etch  polishing 
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(Fig.  142,  Plate  2, 100  Diameters)  are  much  larger  than  in  the 
previous  specimen,  but  their  hardness  is  scarcely  greater  than 
fluor  spar,  as  the  Carbon  is  more  diffused.  Looking  at  it  at  & 
magnification  of  600  Diameters  (Fig.  145,  Plate  2)  or  better^ 
after  etching  with  loiline,  at  a  magnification  of  800  Diameters 
(Fig.  313,  Plate  2)  we  see  that  it  is  formed  of  parallel  needles, 
which  the  licoric  water  has  cut  out,  and  which  the  Iodine  shows 
light  on  a  dark  ground.  Two  groups  of  needles  often  cut  in 
the  same  region.  These  are  the  characteristics  of  Martensite. 
We  find  on  the  outside  strips  of  Troostite.  As  to  the  princi- 
pal soft  body,  it  is  as  before,  grains  of  Ferrite.  The  same 
specimen  etched  with  strong  Nitric  Acid  is  scarcely  distinguish- 
able fi*om  annealed  steel. 

A  third  specimen  was  also  heated  at  960  deg.  and  quench- 
ed at  820  deg.,  thdt  is,  during  the  transformation  Ae3.  Its- 
structure  is  intermediate  between  the  one  preceeding  and  the- 
one  following,  and  needs  no  special  description. 

The  fourth  specimen  was  heated  to  and  quenched  at  1,000* 
deg.,  that  is  before  Ar3,  in  water  at  15  deg.  The  Ferrite  has? 
again  contracted,  and  now  occupies  only  half  the  surface.  The 
structure  appears  after  relief  polishing  as  a  depressed  cellular 
network  (Fig.  143,  Plate  3,  100  Diameters)  in  which  the  nuclei 
are  colored  by  Iodine  or  Nitric  Acid  (Fig.  163,  Plate  3,  100 
Diameters.)  The  relief  of  these  nuclei  is  very  slight,  as  their 
mineralogical  hardness  is  not  much  greater  than  iron.  Ex- 
amined  at  a  magnification  of  500  Diameters,  after  etch  polish- 
ing (Fig.  173,  Plate  2)  it  shows  the  Ferrite  resolved  into* 
elongated  grains,  to  which  are  bound  the  soft  needles  of  the 
Martensite. 

A  fifth  specimen  was  heated  and  quenched  at  1340 
Degrees,  a  little  above  the  point  Ball  mentions.  The  struct- 
ure appears  very  well  of  relief  polishing.  The  Ferrite  proper 
binding  about  polygons  of  large  size  (Fig.  166,  Plate  3,  100 
Dia.)  The  interior  of  these  polygons  is  seen  to  be  Martensite 
by  its  remarkably  developed  crystalline  form,  (Fig.  167,  Plate^ 
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2,  100  Dia.)  but  it  is  Martensite  verging  on  Ferrite,  because 
of  its  small  percentage  of  Carbon. 

Seen  in  oblique  light  it  is  sometimes  dark  and  sometimes 
light  according  as  the  inclined  surface  of  the  parallel  needles 
reflect  the  incident  rays  on  or  outside  of  the  objective  (Fig. 
168,  Plate  3,  100  Dia.)  This  is  so  plain  that  on  turning  the 
specimen  under  the  microscope  wo  can  see  a  polygon  light  up 
and  go  out  at  every  turn  like  a  flash  light.  Etched  in  nitric 
acid  (20  parts  to  the  100)  it  shows  clearly  in  the  same  region 
the  orientation  of  the  elements  following  the  three  sides  of  a 
triangle  and  the  crystalline  forms  of  the  cubic  system. 

To  complete  this  set  of  experiments,  I  compared  with  the 
steel  above  described  as  heated  to  960  Deg.  and  quenched  at 
770  Deg.,  another  specimen  heated  to  770  Deg.  and  quenched 
immediately.     I  found  no  marked  difference. 

III.     45  Carbon  Steel. 

(A)  Forged. 

Similar  steel  have  several  times  been  described  by  Dr. 
Sorby,  Feeding,  Martens  and  others.  They  are  formed  of  a 
vermiculated  mixture  of  Ferrite  and  Pearly te.  Etch  polishing 
gives  the  best  results.     (Fig.  176,  Plate  3,  100  Dia.) 

The  Pearlyte  conforms  to  the  general  description  that  has 
been  already  given.  Etching  resolves  the  Ferrite  into  grains 
that  are  not  always  very  homegeneous.  Some  of  them,  espec- 
ially those  that  have  been  elongated  by  forging,  have  a  central 
nucleus  slightly  in  relief  and  colored  (See  Fig.  2,  Page  28) 
and  which  seems  changing  to  Sorbite.  This  nucleus  may 
reduce  to  a  simple  joining  line,  with  or  without  a  filling  of 
Cementite. 

(B)  Influence  of  Annealing.  I  will  pass  rapidly  over  this 
subject,  as  it  has  already  been  dibcussed.  As  the  temperature- 
increases  the  Pearlyte  forms  more  and  more  regular  polyhedra,. 
about  which  the  Ferrite  makes  a  more  and  more  perfect  net- 
work, thrusting  into  the  interior  of  the  crystals  parallel 
branches. 
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t  Figure  179,  Plate  3,  100  Diameters,  shows  a  steel  anneal- 
^  at  1015  Deg.  after  etch  polishiag.  The  same  specimen  at 
a  magnification  of  800  Dia.  (Fig.  184,  Plate  2)  is  a  good 
example  of  Pearlyte  well  resolved.  Etching  with  nitric  acid 
{20  to  100)  leaves  the  Ferrite  white  and  blackens  the  Pearlyte^ 
<Fig.  186,  Plate  3,  100  Dia.)  This  etching  is  too  strong,  if 
we  wish  to  study  the  fine  details  of  the  Pearlyte,  but  for  a  steel 
Already  known,  it  furnishes  sufficient  information  and,  as  it 
-does  not  require  perfect  polishing,  it  is  often  used  in  manufac- 
tories. 

After  annealing  at  1390,  the  metal  is  burned.  The 
Polyhedra  have  become  so  large  that  a  photograph  at  the  low 
magnification  of  20  Dia.  is  necessary  to  give  an  idea  of  the 
general  effect  (Fig.  192,  Plate  3.)  In  this  the  illumination  is 
oblique,  and,  hence,  the  ordinary  apparatus  is  reversed,  that 
is,  that  the  Ferrite  is  black  and  the  Pearlyte  bright.  Fig. 
190,  Plate  3,  shows  the  same  specimen  at  a  magnification  of 
100  Dia.  and  at  the  vertex  of  three  polygons.  The  binding  of 
Ferrite  and  its  branches  may  easily  be  seen.  These  bindings 
Ave  divided  by  an  axial  line  which  may  not  appear  clearly  in 
the  photograph.  These  are  joints  of  contract  and  sometimes 
open  into  cracks  where  the  introduction  of  oxidizing  gases  may, 
at  that  high  temperature,  from  a  layer  of  slag.  This  accounts 
for  the  brittleness  of  burnt  steel.  The  Pearlyte  is  not  easily 
resolved  by  etch  polishing,  and  the  Cementite  is  very  much 
spread  out  in  the  Sorbite. 

I  should  like,  in  passing,  to  call  the  attention  to  a  new 
form  Pearlyte,  i.  e.  vermiculated.  It  is,  however,  local  (Fig. 
329,  Plate  3,  800  Dia.)  iodine  etch.  These  examples  appear 
to  be  exclusive.  There  is  no  metal  that  shows  the  temperature 
of  annealing  so  plainly  as  steel  of  average  hardness. 

(C)  The  influence  of  quenching.  (A)  Heating  to  dif- 
ferent temperatures  and  quenching  at  the  same  in  water  at  15 
Deg.  This  series  of  experiments  permits  us  to  follow  the  dif- 
f  us^ion  of  Carbon  durin^f  heatinof. 
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The  first  specimen  was  heated  and  quenched  at  730  Deg. 
Belief  polishing  shows  a  large  disconnected  network  of  Ferrite. 
Etch  polishing  shows  about  this  Ferrite  a  border,  more  or  less 
wide,  of  Troostite,  which  is  colored  brown  with  blue  spots 
(Fig.  994,  Plate  3, 1 00  Dia. )  The  rest  is  Martensito.  This  is  more 
rare  in  certain  places  and  the  Troostite  much  more  abundant 
(Fig.  263,  Plate  3,  100  Dia.)  At  a  magnification  of  800  Dia. 
the  needles  of  M artensite  are  easily  seen.  The  bright  grains  are 
Ferrite  with  its  dark  binding  of  Troostite  (Fig.  255,  Plate  3). 

Etching  with  nitric  acid,  20  to  the  100,  (Fig.  267,  Plate 
3,  800  Dia.)  gives  the  same  indications,  but  does  not  resolve 
the  details  of  the  Martensite.  We  see  that  about  20  Deg. 
above  the  point  of  recalescence  the  Carbon  is  not  yet  spread 
through  the  entire  mass  of  steel.  At  1,000  Deg.  the  diffusion 
of  the  Carbon  is  practically  complete.  Steel  quenched  at  that 
temperature  takes  almost  throughout  a  specular  suiface  when 
relief  polished  (Fig.  216,  Plate  4,  100  Dia.)  but  the  test  is 
cracked  through  along  one  diameter.  It  is  all  Martensite, 
except  at  a  few  points,  where,  in  the  vicinity  of  inclusions  of 
slag,  thin  fragments  of  Troostite  exist,  sometimes  surrounding 
traces  of  Ferrite. 

The  needles  are  longer  and  more  regularly  grouped  than 
in  the  specimen  quenched  at  730  Deg.  The  limits  of  the  crys- 
talline group,  which  are  usually  quite  indistinct,  are  lines  of 
least  density,  which,  when  etched  deeply  with  nitric  acid, 
show  black,  and  may  transform  into  veritable  fissures.  The 
fissures,  whether  microscopical  or  not,  may  follow  the  direc- 
tion of  the  needles.  Hence,  there  exists  in  quenched  steel  a 
veritable  net  work  of  surfaces  of  weakness.  This  network 
may  be  the  result  of  the  combination  of  surfaces  ot  maximum 
tension  during  rapid  cooling,  with  the  surfaces  of  minimum 
resistance,  created  by  the  actual  structure.  This  network  may 
be  shown  by  placing  a  polished  surface  under  a  layer  of  water 
some  millimeters  thick  and  pouring  on  it  successively  three 
drops  of  concentrated  nitric  acid. 
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This  is  the  method  of  M.  Worth,  and  prevents  the  harden- 
ing Carbons  redissolving.  The  polyhedral  elements  seem  to 
approach  pentagonal  dodecahedra,  like  the  grains  of  soft  an- 
nealed steel.  These  grains  are  rudimentary  when  the  qaench- 
ing  temperature  is  just  correct,  but  as  this  temperature  rises, 
the  grains  become  larger  and  larger,  and  more  and  more  cut 
away.     It  is  these  that  appear  in  fractures. 

A  third  specimen  was  heated  and  quenched  at  1825  deg. 
The  diffusion  of  the  Carbon  is  naturally  as  complete  as -in  the 
specmen  quenched  at  1000  deg.,  and  with  greater  cause.  The 
martensite  is,  therefore,  the  only  constituent,  but  the  crystals 
are  very  clear  and  well  developed.  The  needles  are  easily 
resolved  by  etch  polishing  (Fig.  224,  Plate  3,  800  Dia.)  or  by 
nitric  acid,  20  to  the  100  (Fig.  226,  Plate  4,  800  Dia.)  We 
also  obtain  beautiful  watered  effects  in  oblique  light  with  low 
magnilication  (Fig.  225,  Plate  4,  20  Dia.) 

This  effect  is  useful  in  studying  the  cause  of  the  formation 
of  the  grain  above  described.  We  can  find  all  the  different 
surfaces  of  weakness.  Ist,  the  crack  visible  to  the  naked  eye, 
which  is  always  broken  (Fig.  220,  Plate  4,  20  Dia.,)  (etch 
polished.)  2Dd,  the  line  of  least  resistance  at  the  common  vortex 
of  two  crystalline  developements  (Fig.  226,  Plate  4  already 
nlentioned,)  3rd,  the  line  of  least  densit}',  or  greatest  tension, 
which  in  traversing  a  crystalling  region,  follows  a  different 
direction  from  that  of  the  natural  cleavage,  and  is  shown  by  a 
deeper  etch  of  a  certain  size  among  the  separate  needles.  (Fig. 
336,  Plate  3,  800  Dia. )  iodine  etch.  (Fig.  339,  Plate  4,  100 
Dia.)  iodine  etch  permits  us  to  follow,  under  an  oblique  light, 
the  progress  of  a  fissure  generally,  but  not  always,  coinciding  with 
the  limits  of  the  crystalline  sport,  having  the  same  orientation. 

A  fourth  specimen  was  heated,  and  quenched  at  1325  de- 
grees. It  does  not  differ  from  the  one  preceding,  except  by  a 
new  crystallization,  and  does  not  require  a  special  description. 

(6)  Heating  to  a  constant  temperature,  followed  by 
quenching  at  different  temperatures  in  water  at  15  deg. 
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The  constant  temperature  of  heating  625  deg.  was  select- 
ed, in  order  to  obtain  the  complete  diffusion  of  Carbon,  and 
include  the  other  transformations  at  the  same  time,  avoiding 
the  formation  of  a  network  of  surfaces  of  weakness.  This 
series  of  experiments  will  enable  us  to  follow  the  concentration  of 
the  Carbon  during  cooling,  as  we  have  already  followed  its 
diffusion  during  heating,  and  to  show  that  this  concentration  is 
entirely  made  in  the  zone  of  the  critical  points. 

The  first  specimen  was  quenched  at  720  deg. ,  that  is,  be- 
fore the  beginning  of  the  double  point  Ar3;  2nd,  (See  curve  on 
page  22),  and  after  slow  cooling  from  825  deg.  to  720  deg. 
relief  polishing,  followed  by  etch  polishing,  show  almost  all 
martensite,  and  only  in  some  places,  where  the  Carbon  was 
scarcer,  a  residue  of  the  ferrite  together  with  troostite,  and 
isolated  filaments  of  the  last  named  constituent. 

Figure  212,  plate  4,  250  dia.,  was  taken  from  one  of 
these  spots.  A  second  specimen  was  quenched  at  690  deg., 
near  the  maximum  of  Ar3,  2.  The  ferrite  has  increased,  and 
relief  polishing  shows  numerous  strips  which,  however,  are  not 
yet  jointed  (Fig.  207,  Plate  4,  100  Dia.) 

Licorice  water,  iodine  and  nitric  acid  produce  almost  the 
same  structures  as  we  found  in  the  same  steel  heated  and 
quenched  at  730  deg.,  see  Figs.  208,  (Plate  5,  100  Dia.),  (etch 
polished);  332,  (P)ate  4,  800  Dia.,  iodine  etch)  and  206, 
(Plate  4,  800  Dia.,  nitric  acid  etch),  and  compare  with  Figs. 
253,  254,  256,  267,  (Plate  3.) 

A  third  specimen  was  quenched  at  670  deg.  between  the 
maximum  of  Ar3. 2,  and  the  beginning  of  Arl.  The  general 
structure  is  the  same,  but,  the  before  mentioned  isolated  strips 
are  jointed,  and  now  form  a  thick  continuous,  cellular  network, 
easily  eaten  away  by  relief  polishing,  (Fig.  202,  Plate  4,  100 
Dia.) 

A  fourth  specimen  was  quenched  at  650  deg. ,  during  the 
middle  of  its  recalescence  Arl.  The  ferrite  now  appears  as  it 
did  in  the  forged  metal,  and  its  appearance  after  relief  polish- 
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ing  is  also  the  same,  (Fig.  197,  Plate  4,  100  Dia.)  Compare 
with  Fig.  175,  plate  3.  But,  if  we  etch  with  nitric  acid,  20 
to  the  100,  for  about  two  seconds,  certain  grains  turn  black 
and  others  only  yellow,  (Fig.  199,  Plate  4, 100  Dia.)  The  first 
are  martensite,  that  is  quenched  steel;  the  second  are  pearly te, 
or  steel  that  has  not  been  quenched.  The  grains  of  martensite 
are  first  attacked  in  the  center,  where  the  organization  is 
clearer.  Fig.  325,  plate  4,  which  is  in  detail,  and  at  a  magnifi- 
cation of  800  dia.,  shows  grouped  in  a  circle  xv^u  ™*  in  dia., 
the  five  constituents  of  steel.  The  point  of  recalescence  being 
passed  at  about  640  deg.,  quenching  no  longer  produces  any 
visible  effect,  but  looks  like  the  structure  of  forged  steel. 

(C)  Heating  to  a  constant  temperature  (825  Deg.)  follow- 
ing by  quenching  at  a  constant  temperature  (720  Deg.)  in  dif- 
ferent mediums. 

The  baths  chosen  were : 

1  Deg.     A  freezing  mixture  of  20  deg. 

2  <^        Water  at  15  deg. 

3  **        Water  at  85  deg.,  which  gives  the 

same  effect  as  cold  oil. 

4  ^<        Melted  lead. 

We  saw  above,  that  after  a  preliminary  heating  to  825 
deg.  to  ensure  the  diffusion  of  Carbon,  and  quenching  at  720 
deg.,  that  the  quenched  metal  is  almost  entirely  formed  of 
martensite.  It  is  the  same,  and  with  greater  cause,  when 
quenched  in  a  freezing  mixture.  But  quenching  that  is  not  too 
sudden  allows  the  formation  of  a  network  of  ferrite,  very  much 
the  same  as  if  the  quenching  was  done  in  cold  water,  but  at  a 
lower  temperature.  Fig.  229,  plate  4,  shows  at  a  magnifi- 
cation of  800  dia. ,  and  after  an  etching  that  leaves  the  ferrite 
white,  the  steel  quenched  in  hot  water.  Etch  polishing,  Fig. 
337,  plate  4,  800  dia.,  shows  in  the  middle  of  the  polygons 
various  colors  looking  like  marble,  but  which  are  not  shown  in 
the  photograph. 

The  needles  of  martensite  have  about  disappeared,  and  the 
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lammelae  of  pearlyte  hf^ve  not  had  time  to  separate.     We  have 
here  transition  forms  between  troostite  and  sorbite. 

(D)  The  influence  of  **revenue"  (tempering.) 

If  we  reheat  to  a  brown  on  one  side  and  a  blue  on  the 
other,  a  specimen  that  has  previously  been  heated  to  825  deg. 
and  quenched  at  720  deg.  in  cold  water,  prolonged  relief 
polishing  again  shows  some  martensite,  but  only  at  the  edges 
of  the  field,  and  so  slightly  that  a  photograph  shows  nothing 
distinctly  (Fig.  240,  Plate  5,  800  Dia.) 

Etching  with  nitric  acid  shows  better  in  some  places  the 
characteristic  triangles  (Fig.  242,  Plate  5,  800  Dia.)  But  the 
martensite  structure  here  is  but  the  image  of  a  previous  struct- 
ure, and  no  longer  corresponds  with  the  actual  state  of  associa- 
tion of  iron  with  carbon.  Chemical  analysis  shows  that 
cementite  is  again  formed,  but  it  is  in  so  fine  a  state  of  division 
that  it  cannot  be  seen  with  the  microscope.  A  drop  of  iodine 
colors  it  variously,  the  colors  often  being  mixed  in  the  most 
complete  disorder.  Here  are  found  all  the  forms  of  transition 
between  the  constituents  of  steel  (Fig.  340,  Plate  5,  800  Dia.) 

On  reheating  to  670  deg.  we  get  a  little  order  in  this 
chaos.  The  cementite  and  ferrite  tend  to  separate,  and  the 
ferrite  to  collect  into  badly  defined  grains,  on  the  outside  of 
which  the  cementite  is  diffused  in  the  sorbite.  But  the  liqua- 
tion remains  very  incomplete  (Fig.  238,  Plate  5,  800  Dia.) 

Another  specimen  was  heated  to  890  deg.  after  being 
quenched  at  a  white  heat,  and  etch  polished.  We  see  side  by 
side  (Fig.  245,  Plate  6,  800  Dia.)  a  sort  of  fish  bone,  very 
characteristic  of  the  structure  due  to  quenching,  grains  of 
ferrite  encircled,  but  without  any  sharp  line  of  demarcation, 
with  a  network  of  sorbite,  and  in  one  place,  in  the  path  of  the 
transformation,  we  see  where  the  new  organization  has  taken 
place  in  the  yet  visible  frame- work  of  the  old. 

IV.     1.24  Carbon  Steel.     (Forged  Metal.) 

(A)  There  may  be  found  near  the  axis  of  the  specimen  a 
hard  portion,  which  is  found  in  most  specimens. 
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This  hard  region  is  a  good  example  of  pearlyte,  and  is 
shown  in  Fig.  249,  Plate  5,  800  Dia. ,  and  has  already  been 
described.  Fig.  208,  Plate  6,  800  Dia.  shows  another  si)ot  in 
the  same  location.  Etch  polishing  gives  no  appreciable  colora- 
tion, which  means  that  the  sorbite,  supposing  that  it  occars, 
is  reduced  to  so  thin  a  layer  in  contact  with  the  cementite  that 
it  cannot  be  seen.  In  the  remainder  of  the  test  the  cementite 
is  collected,  probably  by  forging,  which  terminated  below  Anl, 
into  spheroids  of  variable  size.  Fig.  346,  Plate  5,  800  Dia. 
shows  it  remaining  bright  after  the  sorbite  has  been  colored 
with  iodine,  and  the  ferrite  with  nitric  acid,  2  to  the  100. 

(B)  The  influence  of  annealing.  In  the  specimens  anneal- 
ed at  750  Deg.  the  relatively  thick  filaments  of  cementite 
thrown  in  relief  by  relief  polishing,  seem,  at  a  low  magnifica- 
tion, to  form  a  sori  of  cellular  network.  But,  under  a 
higher  magnification,  they  resolve  into  rough  isolated  strips. 

The  body  of  the  test  is  pearlyle,  which  is  more  or  less 
resolved  by  etch  polishing,  and  of  which  a  detailed  description 
has  been  given  before  in  connection  with  the  sorbite  (Fig,  344, 
Plate  5,  800  Dia.) 

At  1015  deg.  the  hard  nucleus  is  burnt,  and  divided  into 
beautiful  polyhedra  by  a  continuous  cellular  network  of  cem- 
entite: At  1330  deg.  it  is  entirely  burnt;  the  polyhedi'a  are 
of  large  size  and  frequently  separated  by  fissures  with  a  fine 
binding  of  ferrite,  which  is  most  likely  caused  by  the  intro- 
duction of  oxidizing  gases.  As  for  the  remainder,  the  prin- 
cipal part  is  always  pearlyte,  whatever  may  be  the  temperature 
of  annealing;  only  the  higher  the  temperature,  the  more  the 
groups  of  parallel  lamellae  tend  to  develope. 

The  best  method  to  determine  the  annealing  temperature 
or  the  finishing  temperature  of  steel  of  this  hardness,  is  to 
etch  with  concentrated  nitric  acid,  .36  deg.  baume.  The  etch- 
ing is  limited  by  the  passivity.  It  is  apt  to  be  too  deep  if  we 
wish  to  study  the  details  of  the  pearlyte.  But,  for  the  same 
reason,  it  furnished  in  an  oblique  light,  and  at  a  low  magnifi- 
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cation  of  60  deg.,  a  watered  appearance,  which  is  more  devel- 
oped as  the  temperature  is  raised.  It  will  suffice  to  compare 
the  two  extremes.  Figures  1 1  and  9  (Plate  6)  show  the  effect 
of  annealing  this  steel  at  750  deg.  and  1350  deg.  respectively. 
(C)  The  inlluencejof  quenching.  The  study  of  the 
quenching  is  very  simple,  the  cementite  is  so  finely  divided 
in  the  ferrite,  and  the  carbon  has  not  far  to  go  in  diffusing. 
The  three  critical  points  Treduce  to  one,  and  we  pass  much 
more  rapidly  from  pure  martensite  to  pure  pearlyte.  A  spec- 
imen was  heated  and  quenched  at  735  deg.  in  water  at  15  deg. 
Quenching  at  this  temperature  already  produces  cracks.  Three 
fissures  visible  to  the  naked  eye  start  from  a  common  point  at 
about  the  center  and  go  toward  the  edge,  but  do  not  reach  it. 
These  fissures  are  broken  like  those  of  fig.  220,  plate  4,  and 
often  split,  separating  out  small  regular  polyhedra. 

Relief  polishing  shows  in  relief  strips  that  are  harder  than 
the  quenched  steel  and  remain  bright  after  etching  for  five 
seconds  with  nitric  acid  20  to  the  100,  and  surrounded  with  a 
very  black  ring.  This  is  the  residue  of  cementite  which  cor- 
responds to  the  thick  strips  of  the  same  constituent  found  in 
steel  annealed  at  the  same  temperature  (Fig.  284,  Plate  5,  100 
Dia.)  Thus  at  30  deg.  a'love  the  point  Arl,  the  reciprocal  point 
of  the  recalescence,  the  carbide  is  not  entirely  decomposed, 
or,  if  it  is,  it's  carbon  has  not  yet  been  diffused.  This  is  an 
interesting  fact,  and  one  that  will  be  mentioned  in  the  conclu- 
sions. 

As  for  martensite,  it  has  it's  characteristic  forms  and 
shows  them  in  the  usual  manner.  But  the  needles  are  smaller 
and  less  distinct  than  we  have  previously  seen,  especially  in  the 
hard  nucleus.  Although  we  can  easily  see  them  under  the 
microscope,  at  least  when  we  are  accustomed  to  examine  the 
smallest  details,  I  have  not  succeeded  in  making  a  good  photo- 
graph. 

This  difficulty  does  not  exist  when  the  quenching  is  done 
at  a  white  heat.     Etching  with  concentrated  nitric  acid,  under 
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a  layer  of  water,  several  millimeters  thick,  shows  rather  large 
triangles  (Fig.  293,  Plate  5,  800  Dia.)  in  which  the  lines  shown 
clearly  are  colored  with  the  different  colors  of  temper.  It  is 
to  be  remarked  that  the  difference  in  color  does  not  correspond 
to  any  appreciable  difference  in  hardness,  because  relief  polish- 
ing leaves  a  specular  surface,  and  even  et/ch  polishing  shows 
nothing  after  2,500  rubs.  The  body  of  the  test  is,  however, 
divided  by  a  multitude  of  cracks,  large  or  small,  into  polyhedra 
so  poorly  united  that  some  of  them  are  broken  out  by  the  pre- 
liminary polishing  on  emery  (Fig.  290,  Plate  5,  20  Dia.) 

Quenching  during  recalescence  in  water  at  15  deg.  gives 
a  mixture  of  martensite  and  granular  pearly  te,  with  or  without 
the  interposition  of  troostite.  Figure  305,  plate  5,  800  dia. 
shows  an  etch  made  with  nitric  acid,  which  leaves  uncolored 
the  martensite  and  small  grains  of  cementite  in  a  matrix  of 
sorbite  and  ferrite. 

If  we  assume,  as  would  appear  legitimate,  that  rapid  cool- 
ing fixes,  in  a  general  way,  the  structure  acquired  at  the 
moment  of  immersion,  the  results  shown  by  micrographical 
examination  of  specimens  quenched  at  different  temperatures 
may  be  summed  up  as  follows : 

Let  CI,  02,  03,  04,  05  be  the  areas,  shown  diagram- 
matically  by  the  small  black  circles  (Fig.  3a,  Page  36  of  original 
paper)  which  are  occupied  in  the  section  of  an  annealed  steel 
by  the  constituents  cementite  and  sorbite.  Suppose  for  sim- 
plicity, that  the  circles  01,  02,  03,  etc.,  have  their  respective 
centers  placed  in  the  center,  and  four  corners  of  a  square. 
Also  suppose  that  the  absolute  amount  of  Oarbon  in  each  is  the 
same.     We  will  now  gradually  increase  the  temperature. 

At  the  point  Acl,  the  cementite,  Fe30,  is  decomposed,  and 
spreads  its  Oarbon  in  the  form  known  as  hardening  Oarbon. 
Whatever  may  be  the  chemical  signification  of  this  term,  the 
thing  acts  nearly  as  if  the  Oarbon  was  a  gas  expanding  under 
constant  pressure.  Up  to  the  end  of  the  change  Acl,  the 
situation  may  be  represented  by  the  diagram  SO.     The  black 
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circles  representing  cementite,  C  J ,  C2,  C3,  reduce  to  the  smaller 
circles,  C'2,  C'2,  C'3.  About  these,  the  cross  hatches  circles 
represent  the  areas  where  the  distribution  of  the  hardening 
Carbon  is  uniform  (martensite. )  These  last  are  themselves  en- 
circled by  a  dotted  ring,  which  represents  a  zone  of  transition 
(troostite.)  The  remainder  of  the  surface  which  is  left  white 
is  practically  pure  iron  (ferrite.) 

At  a  slightly  higher  temperature  (Fig.  30)  the  cementite 
has  disappeared.  The  cross-hatched  circles  (martensite)  have 
enlarged  to  a  new  diameter,  a  function  of  the  temperature,  and 
always  preceded  by  their  ring  of  transition.  The  pure  iron  is 
reduced. 

If  the  temperature  continues  to  increase,  the  cross-hatched 
circles  do  also,  and  the  rings  of  transition  join  (Fig.  3d.)  Then 
the  areas  of  martensite  join  (Fig.  3e)  and  finally  cover  the  entire 
surface  (Fig.  3f.) 

This  progressive  diffusion  of  Carbon  takes  place  in  a  vari- 
able range  of  temperature,  the  range  being-  smaller  for  hard 
steels,  as  the  carbide  portions  are  nearer  together.  It  may  re- 
main incomplete  in  very  soft  steel.  Inverse  phenomena  take 
place  during  cooling.  Hence,  we  can  iind  in  steel  at  a  red  heat, 
that  is  above  Acl  or  Arl,  the  five  constituents  we  have  found 
in  cold  steel. 

They  may,  or  may  not,  occur  at  the  same  time. 

1  deg.     Ferrite. 

2  *  *        Martensite. 

3  ^'        Cementite. 

4  '*       Troostite,  (a  zone  of  transition  be- 

tween ferrite  and  martensite.) 

5  ''        Sorbite,   (a  zone  of  transition  be- 

tween martensite  and  ce- 
mentite.) 
In  each  of  these  constituents,  we  shall  try  and  follow  the 
transformation  of  iron  and  the  carbon,  and  the  organization  of 
the  final  structure.     This  is  constituted  under  the  influence  of 
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two  groups  of  forces.  Crystalline  forces  and  mechanical 
forces,  (tensions  and  compressions  due  to  contraction  or  ex- 
pansion). These  forces  unite  to  create  in  steel  surfaces  of 
weakness. 

Those  surfaces  that  are  caused  by  crystalline  forces  are 
called  cleavages.  To  the  others  it  is  convenient  to  give  the 
name  joints,  a  name  that  has  already  been  used. 

The  origion  of  these  joints  are  similar  in  some  ways  to  the 
fissures  in  the  crust  of  the  earth.  But  questions  of  this  kind 
are  more  familiar  to  geologists  than  to  metallurgists,  and  I  do 
not  pretend  to  apply  to  the  study  of  steel  the  work  of  Elie  de 
Beaumont,  Robert  Mallet,  or  M.  Baubrie.  I  shall  only  point 
out  some  points  of  similarity. 

1.  Ferrite.  In  the  absence  of  Carbon,  the  transforma- 
tions in  iron  take  place  normally;  one  between  700  deg. — 750 
deg.  and  the  other  near  855  deg. — 850  deg.,  and  in  both  direct- 
ions. They  may  be  retarded  in  a  measure  if  the  rate  of  heating 
or  cooling  is  increased,  but  it  is  doubtful  if  they  may  be  even 
partially  suppressed,  no  matter  how  rapid  may  be  the  fall  of 
the  temperature. 

What  kind  of  structure  correspond  to  the  different  allot- 
ropie  varieties  of  iron  ?  This  is  something  that  the  study  of 
pure  iron  will  not  teach  us,  as  the  presence  of  foreign  matter 
seems  to  be  necessary,  in  order  that  these  varieties  may  be  re- 
tained at  an  ordinary  temperature.  In  fact,  we  do  riot  have 
particularly  pure  iron  except  in  the  A  state. 

Again  it  is  hard  to  separate,  in  its  actual  organization,  the 
forms  that  properly  appertain  to  it  from  those  which  have  been 
bequeathed  to  it  by  pseudo-amorphism,  and  previously  passing 
through  the  B  &  Y  states.  As  we  have  seen  before,  the  A  iron 
consists  of  a  mass  of  small  globules,  more  or  less  connected, 
which  shows  a  tendency  to  arrange  themselves  in  the  form  of 
pearl  mica  and  in  lamellae. 

The  mass  is  sub-divided  into  polyhedra,  the  form  of  union 
has  been  described.     When  the  temperature  was  not  too  higb. 
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these  forms  are  nearly  regular,  and  we  can  recognize,  without 
trying  hard,  pentagonal  dedecahedra.  Are  the  polyhedra  in 
question  crystals  or  grains  il  Are  their  surfaces  of  contact 
cleavages  or  joints?  The  answer  does  not  appear  doubtful. 
The  body  may  be  crystalline,  but  the  network  is  not. 

We  can  obtain  by  synthesis  exactly  similar  bodies  of  com- 
pressing plastic  spheroids  in  a  mould.  The  dessication  of  damp 
bodies,  and  the  solidification  of  cast  substances  show  evidence 
of  similar  divisions.  Here  again  we  have  to  deal  with  forms 
affected  by  contraction  and  expansion.  We  can  however  at- 
tribute them  sometimes  to  shrinking,  sometimes  to  the  change 
in  volumes  that  accompany  molecular  changes,  and  often  to  the 
mutual  limitations,  with  or  without  the  interposition  of  gas,  of 
the  crystalline  developement  in  developing  from  beta  iron  to 
gamma  iron. 

An  experience  of  M.  Arnold,  shows  that  the  elongated 
polyhedra  produced  by  forging  at  a  dull  red  heat  will  resume 
their  normal  form  at  about  750  deg. ,  which  brings  it  to  the  beta 
state  of  iron.  Together  with  this,  we  may  also  cite  the  fact 
that  certain  alloys  of  iron  with  silicon  or  aluminum  alloys,  that 
do  not  pass  to  the  gamma  state,  keep  their  regular  polyhedra 
after  being  heated  at  a  white  heat,  while  under  the  same  con- 
ditions the  polyhedra  of  soft  steel  change  to  lamellae,  and  near 
the  fusion  point,  change  to  cubic  crystals  perfectly  developed. 

But  these  are  conjectures,  and  the  formation  of  the  ferrite 
brings  up  many  difficulties,  especially  because  of  the  possible 
intervention  of  the  impurities,  which  are  always  present. 

II.  Martensite — During  the  hQp.ting,  at  and  above  the 
point  Acl,  the  carbonized  regions  of  soft  steel  differ  in  no  way, 
except  size,  from  the  entire  mass  of  hard  steel.  This  is  the 
same  when  cooling  down  to  Arl.  We  know,  however,  that  in 
hard  steel  the  three  points,  Al,  A2,  A3  are  combined  during 
heating  as  well  a  cooling.  Hence  it  will  be  the  same  in  the 
carbonized  re^cions  of  soft  steel.  The  transformation  A2  and 
A3  when  they  are  independent,  do  not  apply,  as  I  once  believed. 
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to  the  entire  mass;  but  only  to  the  part  that  is  iron,  and  the 
point  Al  is  always  a  triple  point,  but  a  triple  point  which  is 
local,  or  general,  according  to  the  percentage  of  carbon. 

During  heating,  wherever  the  hardening  carbon  is  diffused 
and  has  acquired  sufficient  pressure,  the  iron  changes  suddenly 
from  the  alpha  state  to  the  beta  state,  and  from  the  beta 
state  to  the  gamma  state;  and  as  the  areas  of  diffusion  increase 
with  the  temperature,  the  transformations  of  the  iron  progress 
with  the  progression  of  the  carbon.  They  reach  their  normal 
temperature  only  in  the  places  where  this  substance  has  not 
previously  penetrated.  Inverse  phenomena  take  place  on  cool- 
ing; the  carbon  begins  to  contract  and  concentrate  near  the 
original  centres  of  expansion  or  near  others. 

By  degrees  the  iron  returns  from  the  gamma  state  to  the 
beta  state,  and  from  the  beta  state  to  the  alpha  state,  and  these 
two  changes  take  place,  or  do  not  take  place,  according  to  the 
temperature  at  which  the  carbon  withdraws.  Finally  when 
the  point  Arl  is  reached,  a  portion  of  the  mass,  varying  with 
the  percentage  of  carbon  (it  will  be  the  entire  mass  in  hard 
steels)  will  retain  the  gamma  form.  Now  we  know  that  rapid 
cooling  retains  part  of  the  carbon  in  the  state  of  hardening 
carbon. 

Does  the  hardening  carbon  in  turn  retain  at  the  ordinary 
temperature  part  of  the  iron  in  the  beta  or  gamma  state?  It  is 
thus  that  I  •explain  hardening,  by  a  theory  that  appears  to  me 
more  and  more  probable  in  its  principle,  although  it  is  little 
worked  out  in  detail.  It  should,  however,  develop  with  the 
progress  of  our  researches.  In  regard  to  this  theory  I  cannot 
give  any  new  and  decisive  evidence. 

The  micrographical  analysis  of  quenched  steel  shows  that 
the  diffusion  of  the  hardening  carbon  causes  in  iron  crystalling 
arrangements  of  the  cubic  system,  i.  e.  martensite.  But  the 
carbon  seems  to  distribute  unequally  between  the  body  of  the 
crystals  and  their  envelope,  as  if  it  follows  by  preference  the 
interstices  of  the  crystalline  elements,  but  with  a  certain  ten- 
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dency,  opposed  by  an  inverse  tendency,  to  penetrate  into  these 
elements. 

The  mean  mineralogical  hardness,  varying  between  the 
Nos.  3^  and  6  of  Moh's  scale,  excludes,  however,  the  presence 
of  a  definite  liquated  combination.  The  carbon  appears  to  take 
the  part  of  a  mineralizing  agent,  which  causes  the  mass  to 
crystallize  by  an  action  not  yet  understood,  about  in  the  same 
manner  that  traces  of  hydrochloric  acid  will  transform  into 
specular  iron  an  indefinite  quantity  of  amorphous  peroxide. 

The  observed  crystalline  forms  belong  only  to  the  gamma 
iron,  because  the  beta  state  is  only  transitory  in  the  presence 
of  Carbon.  After  a  short  period  of  confusion,  at  the  moment 
of  the  molecular  change,  they  rapidly  organize  and  enlarge  as 
one  temperature  increases.  But,  in  this  growth  the  individual 
groups  are  limited  by  polyhedra  faces,  and  thus  create  a  net- 
work of  joints,  loosen  and  more  plainly  marked  in  proportion  as 
the  temperature  was  high.  These  joints  turn  to  cracks  in 
burnt  steel,  and  completely  isolate  the  polyhedra  grains. 

But,  before  reaching  this  point  it  always  causes  in  steel  a 
network  of  surfaces  of  weakness,  independent  of  the  possible 
cleavages  between  parallel  needles.  During  cooling,  the  shrink- 
age tends  to  form  another  network  of  wiBakness^  and  the 
changes  in  volume  due  to  the  transformations  of  iron  and  car- 
bon may  also  act  in  the  same  direction.  It  is  believed  that 
these  different  networks  are  probably  superimposed,  the  first 
that  forms  opening  a  way  for  the  others. 

It  is  true,  if  the  cooling  is  rapid  and  the  steel  hard,  that 
the  strains  caused  by  shrinking  open  fissures,  preferably  fol- 
lowing the  joints  of  the  grains.  If  the  cooling  is  slow,  the 
structure  acquired  by  the  iron  in  the  gamma  state  forms  at  the 
moment  of  recalescense  the  skeleton  in  which  the  organization 
of  the  new  structure  takes  place. 

The  lamellae  of  the  pearlyte  seems  to  correspond  to  the 
needles  of  the  martensite,  being  more  deferred  as  the  initial 
skeleton  was  less  solidly  constructed.     But,  neither  is  the  net- 
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work  of  weakness  following  the  limits  of  the  crystalline  groups 
destroyed.  It  may  open  from  the  strains  caused  by  shrinking, 
or  from  the  loads  maintained  in  service. 

Hence,  it  is  necessary  to  prevent  as  much  as  possible  the 
formation  of  this  network,  and,  therefore,  not  to  heat  the  steel 
above  the  point  ''C"  by  Tchernofif,  The  definition  that  I  have 
give  before  of  the  point  "C"  (in  another  work)  appears  to  be 
correct.  It  is  the  temperature  which  must  not  be  passed  when 
heating  steel,  in  order  that  the  crystalline  organization,  which 
is  produced  at  that  temperature,  does  not  leave  any  easily 
visible  traces  in  the  fracture  of  the  cold  steel,  and  the  accom- 
panying deterioration  in  the  mechanical  properties. 

In  this  way  the  point  ''C"  may  be  considered  practically 
as  the  beginning  of  crystallization,  although  the  true  beginning 
is  much  lower,  and  coincides  with  the  appearance  of  the  gamma 
iron.  The  double  meaning,  theoretical  and  industrial,  of  the 
term,  * 'beginning  of  crystallization"  together  with  the  fact  that 
many  authors  call  ^'crystals"  what  I  call  **grains,"  and  a  dis- 
tinction between  the  grains  of  ferrite  and  those  of  martensite 
appeared  necessary,  has  been 'the  cause  of  misunderstandings 
which  I  did  not  clear  up  without  much  trouble.  These  ex- 
planations may  make  this  clear  the  others. 

'^Revenue"  (tempering)  followed  or  not  followed  by  a 
rapid  cooling,  also  leaves  the  network  of  joints,  which  may  have 
been  caused  by  heating  at  too  high  a  temperature,  hence,  it  of 
course  leaves  the  fissures  produced  by  quenching. 

But  on  the  contrary  it  does  not  reconstruct  the  similar 
network  of  joints  that  form  of  ferrite,  during  slow  cooling,  in 
the  places  that  the  carbon  has  left.  Continued  to  the  neigh- 
borhood of  Acl  (690  deg.)  it  allows  the  ferrite  to  separate  out 
in  grains,  but  as  we  have  seen,  these  grains  have  no  distinct 
limits,  and  gradually  pass  into  sorbite,  mixed  with  very  finely 
divided  cementite.  It  is  partly  this,  that  according  to  reports 
on  annealed  steel,  gives  the  superiority  to  the  same  steels  that 
have  been  submitted  under  suitable  conditions  to  '^revenue" 
(tempering)  after  quenching  (for  double  quenching). 
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III.  Cementite.  We  have  observed  in  the  study  of  hard 
steel  that  a  residue  of  cementite  may  remain  undecomposed  at 
30  deg.  above  the  maximum  of  Ac.  3.  2.  1.,  which  confirms,  in 
the  heating  curve,  the  existence  of  a  connecting  link  between 
this  poinc  and  the  adjacent  portion. 

The  decomposition  of  the  carbide  Fe3C  (which  may  be 
written  FeA3C  because  this  magnetic  carbide  contains  iron  in 
the  A  state)  is  not  sudden,  and  takes  place  as  if  the  decompo- 
sition was  limited  by  the  tension  of  the  hardening  Carbon,  ex- 
actly the  same  as  the  liberated  carbolic  acid  will,  in  a  closed 
vessel,  limit  the  dissociation  of  carbonate  of  lime. 

The  sorbite  then  represents  the  atmosphere  of  carbon  nec- 
essary to  the  existence  of  cementite.  Hence,  we  see  that  under 
a  sufficient  pressure,  cementite  may  be  held  long  after  its  point 
of  decomposition  is  passed.  This  explains  the  indentity  of 
white  pig  iron  before  and  after  quenching.  But  the  above  con-; 
siderations  do  not  apply  to  FeA3C  itself,  which  ceases  to  be 
magnetic  at  a  certain  temperature,  and  which  like  iron,  has  its 
point  A25  but  to  an  allotropic  form  FeB3C  or  FeY^^C.  Here 
there  is  a  problem  for  work  that  I  will  reserve. 

IV.  Troostite.  The  presence  of  troostite  in  certain  q  uench  - 
ed  steels  gives  the  impression  of  a  zone,  generally  narrow, 
which  separates  during  the  critical  intervals  the  non-carburized 
regions  from  those  of  regular  carburization.  All  we  can  actu- 
ally say  from  its  topographical  position  and  the  circumstances 
that  allow  us  to  observe  it,  is  that  it  corresponds  to  that  period 
of  transition  when  the  transformations  are  taking  place. 

For  this  reason,  troostite  (or  som'^  other  form)  occupies  a 
large  portion  of  steels  subjected  to  a  gentle  quenching. 

V.  Sorbite.  This  is  also  a  zone  of  transition  between 
cementite  and  ferrite  in  cold  steel,  between  cementite  and 
martensite  in  steel  above  the  point  Al. 

The  study  of  sorbite  is  related  to  the  study  of  the  trans- 
formations of  cementite,  which  are  themselves  little  known 
Independent  of  all  theoretical s  speculation,  we  can  see 
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that :  Ist. ,  the  heating  tempers,  "t  «• 
temperature;  3rd.,  the  rate  of  g<^<^ 
factors  in  the  heat  treatment  of  sto^l  ^ 
with  »  precision  that  the  inspectioi:^ 
showing.  But  to  obtain  any  practio 
must  have  the  different  structures  <^ 
sponding  mechanical  properties. 

We  have  noticed,  for  exampl^^  • 
increasing  temperatures,  that  the  v^* 
gradually  increases,  while  the  har<l* 
ishes.  What  will  be  the  properties 
tures  with  ferrite^  Experience  alo: 
manner. 

In  the  practical  use  of  metal  h> 
every  metal  dealt  with,  a  prelimi 
once  made,  it  will  be  easy  to  tell  wi* 
heat  treatment  a  finished  piece  ha»s 
treatment,  which  is  of  primary  imi?^ 
the  fixed  rules.     To  remedv  it,    if    , 
responsibility  of  failures. 

An  excellent  and  very  conclusiy 
given  by  M.  Albert  Sauveur,   who    I 
of  the  Illinois  Steel  Co.  a  regular 
examination. 

The  comparison  of  the  results  ^ 
the  important  work  recently  public 
the  auspices  of  the  Society  of  Encoj 
furnish  useful  information. 

I  wish  to  say  again  that  for  ind< 
method  that  has  been  described,  i^ 
Like  the  general  rules  of  Analyticil 
may  be  simplified,  as  the  occasion  ai3l 

This  method  is  a  method  of  inv4 
ous  when  we  are  searchinor  for  the  fl 
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process  will  be  much  more  rapid.       ( 
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THIS  SOGIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  thirtieth  regular  monthly  meeting  of 
the  Engineers'  Society  of  Western  Pennsylvania  was  held  in  the 
lecture  room  of  the  society's  house,  410  Penn  avenue,  Pittsburg, 
Pa.,  Tuesday  evening,  December  16,  1902,  at  8:15  o'clock,  Presi- 
dent Charles  F.  Scott  in  the  chair  and  112  members  and  visitors 
present. 

The  minutes  of  the  preceding  meeting  were  read  and  ap- 
proved. 

The  Board  of  Direction  reported  that  they  had  passed  favor- 
ably on  the  following  applications  for  membership,  and  present 
same  to  the  society: 

NAME.  OCCUPATION.  ENDORSED  BY. 

f  R.  A.  McKee, 
ROBERT  M.  ALLEN,      -     -     Drauj?ht9man     -      -      \  Richard  Hirsch, 

Westinghouse  Machine  Co.,  East  Pittsburgh.  Pa.  I E.  S.  McClelland. 
h.  13  Moody  Street,  Braddock,  Pa. 


fThos.  Fawcus, 
\  H.  M.  Wil 


WILBUR  ALTMAN,      -      Mechanical  Engineer      -      -^  H.  M.  Wilaon, 

Pgh.  Shear  Knife  &  Machine  Co.,  47th  St.  &  A.  V.  Ry.,  City.  I  Richard  Hirech. 

h.  7344  KeUy  Street.  Plttsbuigh,  Pa. 

rE.S.  McClelland, 
WM.  JACOB  AUBUR?^,      -    -     Draughtsman     -    -      j  Richard  Hirach, 

Westinghouse  Machine  Co.,  East  Pittsburgh.  Pa.  (  R.  A.  McKee. 
h.  310  Pitt  Street,  Wilkinsburg,  Pa. 

r  F.  V.  McMnllen, 
MINOTC.  BLEST,      -      -      -     Checker      -      -      -      -^  S.  B.  Whinery, 

Pressed  Steel  Car  Co.  i  Richard  Hirsch. 

h.  1720  Beuna  Vista  Street,  Allegheny,  Pa. 

f  R.  A.  McKee, 
DAVID  H.  CaiLD,        -       -       Chemist       -       -       -j  Richard  Hirachr 
For  Pittsburgh  Reduction  Co.,  New  Kensington,  Pa.    I C.  W.  Ridinger. 

{J.  M.  Camp, 
Chas.  H.  Rich, 
C.  W.  Ridinger. 

,  ra  E.Smith, 
DAVID  C.  CREES^,  Supt  Building  Construction  andj  q.  B.  Albree, 

Inventor  the  Creese  Track  Mover.  I  Richard  Hirsch. 

1945  Lithgow  ATenue  Allegheny,  Pa. 


668        engineers'  society  of  western  PENNSYLVANIA. 


(  C.  F.  Scott, 
CHAS.  S.  GOODRICH,       -       Ass't  Gen.  Supt.       -        •(  H.  K.  Hitchcock, 

The  B,  F.  Goodrich  Co.  |  C.  B.  Albree. 

Akron,  Ohio. 

(  E.  F.  Mould, 
VASILI Y.  GREBENNIKOV,  Mechanical  Draughtsman  ]  W.  P.  Eneleman, 

Jones  &  Laughlln  Co.  I C.  W.  Ridinger. 

h.  322  Lehigh  Avenue,  E.  E.  Pittsburgh,  Pa. 

fL.  B.  Stillwell, 
ALFRED  E.  HESS        -         Chief  Engineer        -         ]  E.  W.  Hess, 

Pittsburgh,  McKeesport  and  Connellsvllle  Railway  Co.  I W.  G.  Wilkins. 

h.  Connellsville,  Pa. 

f  Harry  Heffrin, 
WALTER  KENNEDY,     -    Consulting  Engineer     -       ]  F.  H.  M.  Gerwig, 

611  Penn  Avenue,  Pittsburgh,  Pa.         I  A.  N.  Diehl. 


HARRYA.METZLER 


fj.  B.  Hardie, 
JOHN  J.  MUIR,      -    -     Mechanical  Engineer     -    -      -^  W.  S.  Stevenson, 

with  Julian  Kennedy,  I G.  E.  Flanagan, 

h.  819  Maryland  Avenue,  Pittsburgh,  Pa. 

f  E.  J.  Taylor, 
SAMUEL  A.  SCOTT,        -         Chief  Engineer         -        ]  H.  W.  Patton, 

Monongahela  River  Coal  and  Coke  Co.  I C.  B.  Albree, 

rH.K.Hitchkock, 
EDWIN  C.  SHAW,      -    General  Superintendent    -       ^  C.  F.  Scott, 

The  B.  F.  Goodrich  Co.,  Akron,  Ohio.        I C.  B  Albree, 
p  h.  Akron  Ohio. 

f  H.  H.  Anderson, 
ARNOLD  STUCKI,      -      Mechanical  Engineer       -       -^  J.L.Klindworth, 

Presied  Steel  Car  Co.  (  S.  B.  Ely. 

1918  St  Clair  Terrace,  Allegheny,  Pa. 
Total  16. 

It  was  voted  that  the  Secretary  cast  a  ballot  electing  the 
above  sixteen  applicants  to  membership. 

It  was  then  announced  that  Mrs.  Foskett  had  oflFered  the 
society  an  option  on  the  property  for  $43,000, -twelve  thousand 
($12,000)  dollars  of  the  amount  to  be  paid  in  cash  and  balance  on 
S^  mortgage.  The  matter  was  referred  to  the  Building  Com- 
mittee and  a  motion  was  passed  authorizing  the  committee  to 
secure  the  option ;  expenses  of  same  not  to  exceed  $100.00. 

The  following  papers  were  then  read : 

"Prof.  John  A.  Brashear — "Astronomical  Equipment  for  the 
Chilian  Observatory." 
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SOME     INTERESTING     EXPERIENCES     CONNECTED 
WITH  THE  MANIPULATION  AND  IN- 
STALLATION OF  CABLES. 

BY   H.   W.    FISHER. 

While  the  manufacture  of  submarine  cables  was  developing 
very  rapidly  about  a  half  a  century  ago,  it  was  not  till  the  end  of 
the  seventies  and  early  eighties  that  definite  steps  were  being  made 
to  construct  different  types  of  cables  to  meet  the  requirements 
of  the  then  infant  electrical  industries  which  have  later  grown 
to  such  giant  proportions.  Since  that  time  the  cable  business  has 
developed  rapidly  until  now,  when  it  can  be  considered  one  of  our 
great  electrical  enterprises. 

In  substantiation  of  this  some  general  figures  relating  to  the 
history  of  the  Standard  Undergroimd  Gable  Company  may  be  of 
interest. 

About  ten  years  ago  our  business  amounted  to  about  half  a 
million  dollars  per  annum.  This  year  it  will  be  close  to  five  million 
dollars  and  from  the  general  indications  it  will  probably  be  seven 
or  eight  million  dollars  next  year.  Lately  we  have  been  using  at 
the  rate  of  2,000,000  pounds  of  lead  and  750,000  pounds  of  copper 
per  month. 

On  account  of  the  great  difficulty  of  getting  copper  wire  on 
time,  and  in  view  of  the  great  amount  which  we  require  for  our 
business  and  the  large  demand  there  is  for  copper  wire,  we  have 
recently  put  up  one  of  the  finest  copper  rolling  mills  and  wire 
drawing  plants  in  the  country.  The  mill  has  a  capacity  of  seventy- 
five  tons  per  day  of  wire  rods,  and  the  new  wire  drawing  plant 
when  completed  will  be  capable  of  drawing  100,000  pounds  of  dif- 
ferent sizes  per  day. 

After  this  brief  statistical  summary  it  may  be  of  interest  to 
trace  the  development  of  the  more  important  types  of  cables. 


\J 
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TELEPHONE  CABLES, 

In  the  early  days  wires  for  this  purpose  were  insulated  with 
cotton  and  were  formed  into  cables  without  pairing,  after  which 
the  core  was  impregnated  with  an  insulating  compound,  and 
either  directly  lead  covered  or  pulled  into  a  lead  pipe.  About  this 
time  it  was  found  that  paper  possessed  many  desirable  qualities 
as  an  insulating  medium,  and  hence  it  began  to  be  used.  No.  i8 
B.  &  S.  G.  conductor  was  generally  specified,  and  the  electrostatic 
capacity  per  mile  was  about  .18  M.F.  As  the  telephone  exchanges 
became  larger  it  was  found  necessary  to  form  the  conductors  into 
twisted  pairs  so  as  to  eliminate  cross-talk  and  also  to  reduce  the 
electrostatic  capacity  so  as  to  improve  articulation. 

Then  came  the  celebrated  Bell  Telephone  Conference  speci- 
fications in  which  an  electrostatic  capacity  of  .08  M.  F.  per  mile 
for  No.  19  B.  &  S.  G.  wire  was  required.  In  order  to  meet  these 
seemingly  rigid  specifications  paper  had  to  be  formed  so  as  to  in- 
clude as  much  air  as  possible,  no  insulating  compound  could  be 
employed,  and  the  cable  core  had  to  be  directly  baked  out  at  a 
temperature  above  the  boiling  point  of  water  just  previous  to  the 
application  of  the  lead  cover.  For  a  long  time  this  form  of  cable 
remained  a  kind  of  standard  with  the  Bell  Telephone  Company, 
but  after  the  long  distance  telephone  circuits. began  to  come  into 
use  it  was  found  desirable  from  an  economic  standpoint  to  use 
cheaper  cables  consisting  of  smaller  conductors  for  local  work 
and  proportionately  larger  cables  and  larger  conductors  for  long 
distance  distribution  through  trunk  lines.  In  explanation  of  this  I 
might  say  that  a  large  capacity  interferes  with  articulation,  while 
a  large  resistance  diminishes  the  volume  of  sound,  hence  for  long 
distance  work — where  the  resistance  is  almost  sure  to  be  high — it 
is  desirable  to  make  the  electrostatic  capacity  and  conductor  re- 
sistance of  cables  as  low  as  possible. 

There  is  a  limit  to  the  size  of  conductor  that  can  be  used  be- 
cause the  electrostatic  cap<icity  increases  rapidly  with  the  size  of 
conductor.  Conductors  as  large  as  No.  11  have  been,  used  but 
Nos.  18,  16  and  14  are  more  often  employed  for  long  distance 
distribution,  and  Nos.  19,  20  and  22  for  local  lines.  For  long 
distance  distribution  work  we  have  made  cables  consisting  of  No. 
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14  B.  &  S.  G.,  which  had  as  low  an  electrostatic  capacity  as  .0055 
M.F.  per  mile. 

In  the  construction  of  these  kind  of  cables  the  method  of  ap- 
plying the  paper  is  very  important  for  economic  reasons,  in  order 
that  the  cables  may  be  made  as  small  as  possible  and  yet  meet  the 
requirements  of  the  specifications.  This  work  has  grown  to  such 
large  proportions  that  from  our  factories  we  have  shipped  the 
equivalent  of  over  120,000  feet  of  100  pair  cable  in  one  week.  This 
means  24,000,000  feet  of  wire  covered  in  one  week. 

ELECTRIC  LIGHT  CABLES. 

In  the  early  days  a  large  proportion  of  cables  employed  were 
insulated  with  rubber,  and  many  of  these  did  not  have  any  lead 
cover.  As  this  form  of  cable  was  expensive,  and  when  not  lead  cov- 
ered did  not  resist  very  well  the  action  of  temperature  and  atmos- 
pheric moisture, •rains,  etc.,  cables  covered  with  cotton  and  jute 
and  saturated  with  insulating  compound  and  lead  covered  began 
to  be  used,  and  gave  very  good  satisfaction  until  the  requirements 
demanded  the  use  of  a  more  dense  and  compact  material,  when 
paper  saturated  with  insulating  compound  was  employed.  In  the 
old  days  2,000  volts  was  considered  very  high  indeed.  At  this 
date  the  processes  are  so  much  improved  that  the  manufacture  of 
cables  for  10,000  volts  is  an  every  day  occurrence,  such  cables  be- 
ing tested  to  25,000  or  30,000  volts  at  the  factory  and  occasionally 
cables  for  much  higher  voltages  are  supplied.  In  the  manufacture 
of  electric  light  cables  it  has  been  found  necessary  to  use  a  large 
factor  of  safety,  because  in  the  operation  of  electric  light  and 
power  plants  there  are  apt  to  be  sudden  impulsive  rises  of  voltage 
due  to  the  phenomenon  of  resonance. 

To  insure  flexibility  large  size  conductors  are  made  up  of  a 
number  of  smaller  wires  in  the  form  of  a  strand  or  wire  rope. 
Some  of  these  weigh  as  much  as  6  or  7  pounds  per  foot.  In  the 
manufacture  of  electric  light  cables  large  quantities  of  Para  rub- 
ber are  employed.  A  given  thickness  of  vulcanized  rubber  resists 
a  given  voltage  better  than  the  same  thickness  of  paper,  but  on 
account  of  the  great  expense  of  rubber  compounds,  paper  cables 
for  the  same  voltage  are  cheaper  than  those  insulated  with  rubber, 
and  just  as  satisfactory. 
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vj^  NOTES  ON  THE  DESIGN  OF  RIVETER  YOKES. 

RY  CHESTER  B.   ALBREE. 

There  are  three  principal  methods  of  driving  rivets — ^by  ham- 
mering by  hand  and  finishing  with  a  set  or  "snap" ;  by  "hammer- 
ing with  a  pneumatic  hammer,  a  device  having  a  rapidly  moving 
piston,  striking  several  hmidred  blows  a  minute  on  a  suitable  die, 
or  snap,  inserted  in  the  end  of  the  cylinder  this  is  a  quite  recent 
method,  but  for  field  work  is  rapidly  superceding  hand  riveting. 
The  large  majority  of  rivets  for  structural,  boiler  and  plate  work, 
however,  are  driven  by  machines  which  squeeze  or  upset  the  blank 
rivet  end  to  form  a  head.  Compression  rivetys  are  of  several 
distinct  types ;  the  oldest  form  is  the  hydraulic  riveter,  consisting 
of  a  cylinder  and  piston  or  plunger,  operated  by  high  pressure, 
carrying  a  suitable  die.  The  work  to  be  riveted  is  placed  between 
the  jaws  of  the  machine,  the  made  head  resting  in  a  suitable  die, 
attached  rigidly  to  the  jaw  or  stake  of  the  machine.  Other  ma- 
chines are  of  the  same  general  type,  differing  in  the  means  for 
applying  the  power  and  the  kind  of  motor  fluid,  as  for  instance, 
direct  steam-driven  or  air-driven.  Toggle  joint  devices,  actuated 
by  air,  steam,  electricity  or  belts.  A  late  design  uses  an  air  cyl- 
inder, acting  as  a  hydraulic  intensifier,  with  provision  to  g^ve  a 
considerable  travel  at  low  pressure,  followed  by  a  short  travel  at 

high  pressure. 

In  all  of  the  compression  riveters,  of  whatever  type,  the  mov- 
ing die  is  on  one  leg  or  jaw,  and  the  pressure  reaction  is  taken 
up  by  an  opposed  jaw.  In  general,  the  form  resembles  a  letter 
U,  the  two  legs  being  either  in  one  piece  or  united  by  bolts. 

This  paper  will  discuss  the  design  of  a  pneumatic  toggle  joint 
riveter,  of  12- foot  gap,  made  in  one  steel  casting,  of  sufficient  stiff- 
ness to  drive  rivets  if  inches  in  diameter. 

The  pressure  required  to  close  hot  soft  steel  rivets  has  been 
determined  quite  accurately  by  Sellers  &  Co.,  of  Philadelphia,  by 
means  of  experiments  with  a  hydraulic  press,  with  pressure-re- 
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cording  attachment.    These  tests  have  been  fully  described  in  the 
technical  press  in  the  past.  , 

The  net  working  result  is  that  to  close  ordinary  soft  steel 
rivets,  at  bright  red  heat,  with  a  round  or  button  head,  a  pressure 
of  150,000  pounds  per  square  inch  of  rivet  section  is  required.  For 
large  rivets  used  in  boiler  work  it  is  customary  to  heat  the  rivets 
as  hot  as  possible,  without  burning  them,  in  order  that  the  ma- 
terial shall  flow  easily  and  completely  fill  the  rivet  holes.  Under 
these  conditions  less  power  is  required  to  close  them,  and  a  pres- 
sure of  129,000  pounds  per  square  inch,  rivet  section,  has  been 
found  ample. 

The  pressure  required  to  drive  a  i  J- inch  diameter  rivet,  with 
round  heads,  is  therefore  the  area  2  and  4-10  square  inch  by  125,- 
pounds,  or  297,600  pounds — say,  in  round  numbers,  300,000 
pounds. 

With  the  type  of  toggle  joint  used,  assuming  a  cylinder  18 
inches  diameter,  12-inch  stroke,  with  air  at  80  pounds  pressure, 
we  have  a  total  cylinder  pressure  of  20,320  pounds,  or,  in  round 
numbers,  20,000  pounds. 

In  the  force  diagram  of  the  toggle  used  (as  per  the  diagram 
Fig.  I )  we  note  that  the  strain,  when  upper  end  of  the  side  links 
have  traveled  13-16  of  the  total  distance,  is  about  15  times  the 
cylinder  pressure,  or  300,000  pounds — the  required  amount. 

Observing  the  corresponding  travel  of  the  ram,  we  see  that 
it  has  traveled  to  within  1-16  inch  of  its  total  travel  of  5  inches, 
or  practically  the  whole  distance,  hence  the  rivet  head  is  practically 
finished  at  this  point.  In  toggle  joints  the  final  pressure  becomes 
theoretically  infinite  and  the  plunger  travel  zero. 

The  actual  pressure  on  the  rivet,  however,  is  measured  by  the 
stiffness  of  the  yoke,  which  yields  somewhat  under  the  stress. 

In  designing  the  yoke  we  aim  to  get  the  required  stiffness 
with  the  least  weight,  and  assume  that  with  yokes  of  well-an- 
nealed O.  H.  steel  castings,  we  may  safely  use  unit  strains  of  10,- 
000  pounds  tensile  and  14,000  pounds  compressive.  Castings,  pull- 
ing 60,000  to  65,000  pounds,  with  elastic  limit  of  30.000  to  35,000 
pounds,  are  used.  The  gap  being  12  feet,  or  144  inches,  the  depth 
at  back  of  yoke  was  taken  as  1-3  of  the  gap,  or  48  inches.    This 
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proportion  can  be  varied  by  changing  the  proportions  of  cross 
section,  but  experience  has  shown  this  proportion  to  give  eco- 
nomical results. 

The  section  was  made  an  irregular  I  beam  form,  having  a 
tension  head  much  larger  than  the  compression  end.  We  assume 
a  section  that  looks  about  right,  and  by  the  well-known  principles 
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of  graphic  statics,  divide  it  in  layers  (see  Fig.  2),  determine  area 
and  center  of  gravity  of  each,  and  lay  off  the  areas  to  some  con- 
venient scale  and  construct  the  force  diagram,  making  the  pole 
distance  one-half  the  length  of  the  load  or  area  line. 

This  forms  always  a  right-angled  triangle,  of  which  particu- 
lar construction  further  mention  will  be  made  later.     We  then 
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construct  the  equilibrium  diagram,  finding  the  resultant  and  lo- 
cating the  center  of  gravity  of  our  section. 

In  Fig.  3  is  shown  an  outline  of  the  yoke,  which  you  will  no- 
tice is  curved  where  the  two  arms  or  jaws  join.  The  exact  mathe- 
matical determination  of  the  strains  in  a  curved  beam  of  this  shape 
are  very  complex.  The  problem  has  been  studied  by  several 
mathematicians,  including  an  exhaustive  article  published  last  year 
in  the  transactions  of  the  Deutches  Eisenhuttenleute  Verein ;  but  in 
practice  I  have  assumed  that  if  the  arm  of  the  bending  moment 
were  taken  as  the  diagonal  from  the  end  or  nose  of  the  jaw  to. cen- 
ter of  gravity  of  the  median  section  at  the  center  of  the  curve, 
then  the  increase  in  length  over  the  straight  gap  of  the  machine 
would  compensate  for  the  curvature  and  actual  results  in  practice, 
as  well  as  comparison  with  the  mathematical  solution,  seem  to 
justify  the  assumption. 

Having  determined  approximately  the  length  of  the  moment 
arm,  we  then  have  our  bending  moment,  which  for  a  beam  loaded 
at  one  end  and  fixed  at  the  other,  is  simply  Wl —  or  300,000x162 
inches. 

Next  determine  the  moment  of  inertia  of  the  assumed  cross 
section,  which  may  be  done  analytically,  arithmetically  or  graph- 
ically. 

The  graphic  method  is  simplest,  and  we  use  a  method  shown 
in  Molesworth's  handbook,  1889  edition,  which  is  simpler  than 
any  other.  Although  most  of  you  are  probably  familiar  with  it, 
yet  for  the  benefit  of  those  who  have  not  used  it  I  give  the  proof 
from  Merriman  and  Jacoby's  treatise  on  Bridges  and  Roofs^- 
Part  II,  Graphic  Statics,  1902  edition: 

"We  assume  in  Fig.  4  a  standard  T  section,  divide  into  con- 
venient sections,  letting  areas  be  represented  by  force  lines  P* 
P'— F. 

"Lay  off  the  load  line — ag — parallel  to  forces  P' — P*  and 
proportional  thereto,  to  some  convenient  scale ;  make  the  pole  dis- 
tance oh=^  ag=A2,  and  construct  the  force  polygon — oag — 
which  by  construction  is  a  right  angle  triangle. 

Construct  the  equilibrium  polygon  m  r  s  and  determine  the 
center  of  gravity  of  the  section  A — B.    Produce  sq.  to  meet  axis 
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E  at  t — .    Then  triangles  qtu  and  ofe  are  similar,  as  sides  are  par- 
allel by  construction. 

Let  oh  be  the  altitude  of  triangle  oag  and  y  the  altitude  of 
triangle  qtu ;  hence — ^tu  :y=equals  ef  :oh — but  ef =?"  and  oh=iA. 
or  tu:y=P*:A-2.  Multiplying  this  equation  by  y  and  reducing, 
we  have  ^tu.y=P'  Y'-A,  but  itu.y=area  of  triangle  qtu. 

Section  R-B-^red=  .^.O^In"=  a.g.x/7 
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If  the  area  P""  were  of  the  width  dy  its  moment  of  inertia 
would  be  P''  Y'.  In  like  manner,  the  moments  of  inertia  of  each 
force  P'  P' P*"  can  be  determined,  and  also  the  correspond- 
ing triangles  and  there  sum,  the  moment  of  inertia  of  the  whole 
section  A — B  would  therefore  be  the  total  area  of  section  multi- 
plied by  the  area  of  the  elquilibrium  polygon.     This  latter  area, 
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denoted  by  Ai,  can  be  determined  by  a  planimeter  or  otherwise, 
and  we  have — I=A^A.  i  Q.  E.  D. 

Referring  again  to  Fig.  2  and  using  the  method  just  ex- 
plained, we  see  the  area  of  the  section  is  301  s.  in.  and  of  the  mo- 
ment polygon,  332  sq.  in.,  and  their  product  about  100,000  as  the 
M.  of  I. 

In  the  well-known  formula  for  the  section  modulus — S=:I/N 
— and  for  extreme  fibre  strains — f=M/S — we  find  for  tension 
8,749  lbs.  and  compression  14,460  lbs.,  which  are  safe,  and  as  a 

wr 

check,  and  to  determine  the  deflection  we  use  the  formula -z—=de- 

3EI 

flection,  using  E  as  29,000,000,  and  find  the  deflection  of  the' beam, 
supposing  the  section  uniform  throughout,  to  be  .138  inches.  As 
there  are  two  arms,  equally  strained,  the  total  deflection  is  .276,  or 
a  little  over  ^  inch.  In  actual  test  the  measured  deflection  was 
7-16  inch,  probably  due  to  the  tapering  ends  being  designed  a  trifle 
light  to  keep  outer  stake  small  enough  for  certain  work  to  be  done. 
As  this  machine  has  been  in  constant  use  for  over  two  years,  and 
no  permanent  set  has  taken  place,  we  feel  assured  of  the  results 
and  methods. 

Having  fixed  the  median  section,  we  design  each  arm  to  be 
a  beam  of  uniform  strength.  Such  beams  may  be  various  shapes, 
but  the  design  chosen  is  a  beam  of  I  beam  section,  in  general  sim- 
ilar to  the  median  section,  varying  in  size  according  to  the  para- 
bolic curve,  but  having  the  inner  edge  on  a  straight  line. 

The  exact  proportion  of  depth,  width,  thickness  of  flanges 
and  web  might  be  figured  exactly  by  a  more  expert  mathematician 
than  the  writer,  but  the  method  adopted  was  to  use  the  parabolic 
form  for  a  rectangular  cross  section,  and  then  finding  the  unit 
strains  for  diflFerent  points  and  modifying  the  cross  sections  uijtil 
these  unit  strains  were  practically  the  same  as  found  for  the 
median  section. 

In  large  castings  blow  holes  or  other  defects  sometimes  occur, 
and  often  exist  inside,  but  by  omitting  as  far  as  possible  cross 
webs  and  irregularities,  fairly  good  castings  can  generally  be  ob- 
tained. In  several  hundred  yokes  that  we  have  had,  but  two  or 
three  have  failed  under  pressure,  and  then  from  blow  holes  at  crit- 
ical points.     . 
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This  particular  riveter  is  used  for  riveting  marine  boilers  lo 
to  1 6  feet  diameter,  having  plates  from  i  to  ij  inches  thick,  and 
practically  no  rivets  have  had  to  be  caulked  to  prevent  leakage. 
For  large  diameter  rivets  it  is  best  to  allow  the  pressure  to  re- 
main on  the  rivet  until  the  steel  is  black,  for  if  pressure  is  taken 


off  while  rivet  is  still  red  hot  the  spring  of  the  heavy  plates  will 
often  stretch  the  rivet  and  a  leak  will  be  the  result. 

In  small  portable  riveters  it  is  cften  desirable  to  be  able  to  use 
them  in  other  than  vertical  planes,  for  crooked  work.  This  has 
been  generally  accomplished  by  a  double  worm  gear  attachment 
forcibly  holding  the  yoke  in  any  desired  position.  The  writer  de- 
vised a  special  form  of  vail,  called  the  universal  bail,  to  accom- 
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plish  this  result  in  a  simpler  manner,  permitting  of  more  rapid 
adjustment. 

In  mechanics  we  read  that  a  body  will  be  in  equilibrium  if 
supported  from  above  or  below,  from  its  center  of  gravity.  Hence 
if  a  riveter  were  suspended  from  trunnions  passing  through  the 
absolute  center  of  gravity  of  the  machine  it  would  be  in  equi- 
librium, in  a  vertical  plane,  if  the  axis  were  parallel  to  the  horizon. 
If  the  bail,  instead  of  having  the  usual  straight  sides,  is  made  in 
the  form  of  a  semi-circle,  whose  center  is  the  center  of  gravity 
of  the  machine,  then  if  the  bail  be  suspended  from  any  point  of 
the  arc,  the  machine  would  still  be  in  equilibrium. 

By  suspending  the  bail  on  a  trolley  attached  to  a  swivd 
above,  the  bail  can  be  rolled  around  and  the  riveter  worked  at  anv 
angle  in  any  plane. 

To  determine  the  exact  center  of  gravity  in  advance  of  actu- 
ally building  a  machine  ts  necessary  in  order  to  locate  the 
trunnion  axis  on  the  body  of  the  machine  in  a  convenient  place 
and  to  provide  bosses  for  trunnions  on  the  pattern. 

After  designing  the  general  layout  of  a  machine,  as  in  Fig.  5, 
bearing  in  mind  the  probable  location  of  the  center  of  gravity,  we 
mark  off  on  the  plan  various  convenient  parts  whose  weight  can 
be  determined,  and  ascertain  as  nearly  as  possible  the  center  of 
gravity  of  each  such  portion.  We  then  construct  the  force  dia- 
gram and  determine  a  line  containing  the  center  of  gravity  for  one 
position.  We  then  go  through  the  same  process,  but  for  a  position 
at  right  angles  to  the  first,  finding  the  center  of  gravity  line  for 
this  position.  The  intersection  of  the  two  lines  locates  the  abso- 
lute center  of  gravity,  and  as  the  machines  are  symmetrical  as  re- 
gards a  median  plane  lengthways  of  the  yoke,  the  determination 
in  the  third  plane  is  unnecessary. 

It  is  obvious  that  for  machines  having  deep  throats  the  center 
of  gravity  tends  to  come  more  nearly  to  a  middle  position  between 
the  arms.  As  this  location  does  not  permit  of  placing  the  trunnions 
without  interfering  with  the  gap  of  the  riveter jTT  is  necessary  to 
add  weight  to  the  upper  side,  at  as  great  a  distance  from  the  jaw 
opening  as  possible  in  order  to  locate  the  trunnions  on  the  body 
of  the  machine.  In  practice  we  find  that  for  riveters  over  48-inch 
gap,  the  extra  weight  and  bulk  are  so  great  as  to  make  such  ma- 
chines impracticable. 
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EARLY  EXPERIENCES  IN  TRANSPORTATION. 

BY    ANTES    SNYDER. 

My  attention  was  early  called  to  this  question  of  transporta- 
tion in  a  very  practical  way.  When  a  boy,  living  in  the  village 
of  Selinsgrove,  on  the  Susquehanna,  I  worked  in  a  foundry  at 
25c  per  day.  There  was  a  failure  of  the  crops,  whether  it  was 
general  or  local  I  do  not  know,  but  it  made  no  difference  which 
it  was,  as  we  had  then  only  the  Pennsylvania  canal,  no  railroads, 
and  our  country  roads  were  little  better  than  streaks  of  mud. 
Though  there  might  have  been  an  abundant  harvest  within  a 
few  hundred  miles  we  could  not  have  availed  ourselves  of  it  for 
want  of  transportation.  The  wheat  for  the  bread  of  that  town 
and  others  of  like  situation  was  brought  from  the  Mediterranean 
by  vessels  to  Philadelphia  and  there  loaded  on  canal  boats  and 
distributed  to  the  towns  along  the  canal.  A  bushel  of  wheat 
cost  $2.25,  it  took  nine  days'  work  by  me  to  buy  a  bushel  of 
wheat  and  one  month  of  my  labor  was  represented  by  three 
bushels  of  wheat. 

I  did  not  at  that  time  bother  myself  about  the  laws  or  prin- 
ciples governing  this  matter,  their  practical  application  was 
enough  for  me,  but  as  I  grew  older  this  matter  came  up  in  my 
mind  and  induced  me  to  look  into  this  question  of  transportation. 
Whether  it  influenced  me  so  as  to  determine  my  future  and  make 
an  engineer  and  railroad  man  of  me  I  cannot  say,  it  did  not  do 
so  at  that  time,  as  the  highest  paid  man  in  that  foundry  received 
$2.50  per  day  and  the  height  of  my  ambition  was  to  reach  that 
exalted  position. 

Such  a  state  of  aflfairs  will  never  in  all  human  probability 
occur  again,  when  our  railroads  haul  a  bushel  of  wheat  from 
Chicago  to  New  York  city  for  15  cents. 

I  understand  that  this  is  to  be  an  experience  meeting,  a  kind 
of  a  go-as-you-please  meeting,  and  I  have  nothing  in  my  experi- 
ence different  from  that  usual  to  the  ordinary  construction  engi- 
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neer,  and  so  1  have  not  prepared  any  formal  paper.  As  I  cannot 
give  you  anything  of  interest  in  my  own  experience,  I  am  forced 
to  fall  back  on  the  experience  of  the  early  engineers  who  are 
not  here  to  speak  for  themselves. 

When  the  commonwealth  opened  the  Philadelphia  and  Co- 
lumbia Railway,  the  theory  was  that  the  State  furnish  the  road 
way  and  that  any  one  that  pleased  could  furnish  his  own  vehicle 
and  motive  power  and  use  the  railway  whenever  he  pleased,  by 
paying  the  State  tolls  for  its  use,  just  as  the  turnpikes  of  the  day 
were  used.  But  it  was  soon  discovered  that  a  certain  character  of 
vehicle  was  necessary  and  that  rules  and  regulations  as  to  times 
and  manner  of  using  the  railways  were  absolutely  necessary  in 
order  to  their  successful  operation.  The  ordinary  shippers  found 
it  too  expensive  to  fit  himself  with  the  necessary  plant,  and  that 
they  could  get  this  transportation  done  by  large  and  well-equipped 
shippers  much  more  cheaply  than  they  could  do  it  themselves,  so 
that  in  practice  the  business  drifted  into  the  hands  of  a  few  in- 
dividuals and  companies,  who  did  this  service  for  the  many.  The 
railway  as  constructed  was  intended  for  the  horse  as  motive 
|X)wer,  though  the  locomotive  was  being  introduced  as  an  experi- 
ment shortly  after  the  railway  was  completed. 

The  following  among  the  rules  and  regulations  adopted  by 
the  Canal  Commission  for  the  regulation  of  the  railway  may  be 
of  interest  : 

"Section  92. — No  car  shall  carry  a  greater  load  than  three 
toni  on  the  Columbia  and  Philadelphia  Railway,  nor  more  than 
three  and  one-half  tons  on  the  Portage  Railway,  nor  shall  any 
burden  car  travel  at  a  greater  speed  than  five  miles  per  hour, 
unless  the  car  body  and  load  shall  be  supported  on  good  steel 
springs." 

^'Section  108. — It  shall  be  the  duty  of  the  conductors  of  cars 
moving  with  less  speed  upon  the  railways,  upon  notice  by  ringing 
a  bell,  blowing  a  horn,  or  otherwise  of  the  approach  of  a  loco- 
motive engine  or  other  cars  moving  in  the  same  direction  at  a 
greater  speed,  to  proceed  with  all  possible  dispatch  to  the  first 
switch  in  thie  course  of  their  passage  and  pass  off  said  track  until 
said  locomotive  engine  or  other  cars  moving  at  greater  speed  can 
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pass  by.  The  conductors  of  the  slower  cars  are  directed  to  open 
and  close  the  switches  so  as  to  leave  them  in  proper  order.  Any 
person  who  shall  refuse  or  neglect  to  comply  with  the  provisions 
of  this  regulation  shall,  for  every  offense,  forfeit  and  pay  the  sum 
of  ten  dollars." 

It  must  have  been  a  very  interesting  and  novel  sight,  indeed, 
while  the  horse  and  locomotive  were  used  indiscriminately  on  the 
same  track  and  were  struggling  for  supremacy  as  the  future 
motive  power  of  our  railroads,  and  the  approach  of  the  locomotive 
engine  was  heralded  by  the  tooting  of  a  horn.  Even  at  that  time 
the  right  of  way  was  given  to  the  fast  horse. 

The  railways  when  first  introduced  had  to  meet  great  op- 
position from  the  ignorant,  prejudiced  and  self-interested,  and 
wlrit  that  was  the  following  will  show : 

In  a  speech  before  the  House  of  Commons  of  Great  Britain, 
in  opposition  to  the  granting  of  a  charter  to  the  Liverpool  and 
Manchester  Railway,  Admiral  Sir  Isaac  Coffin  said  in  part : 

'T  would  not  consent  to  see  the  widow's  premises  and  straw- 
berry beds  invaded,  railroad  trains  would  take  many  hours  to 
perform  the  journey  between  Liverpool  and  Manchester,  and  in 
the  event  of  the  scheme  succeeding,  what,  I  would  like  to  ask,  was 
to  be  done  for  all  those  who  had  advanced  money  in  making  and 
repairing  turnpike  roads?  What  with  those  who  still  wished  to 
travel  in  their  own  or  hired  carriages,  after  the  fashion  of  their 
forefathers?  What  was  to  become  of  the  coachmakers,  harness- 
makers,  coachniasters  and  coachmen;  innkeepers,  horse  breeders 
anvl  horse  dealers  ?  Was  the  House  aware  of  the  smoke  and  the 
noise,  the  hiss  and  whirl  which  locomotive  engines,  passing  at 
the  rate  of  ten  or  twelve  miles  an  hour  would  occasion  ?  Neither 
the  cattle  plowing  in  the  fields,  nor  grazing  in  the  meadows,  would 
view  them  without  dismay.  Iron  would  be  raised  in  price  ioo}< 
or  more  probably  exhausted  altogether.  It  would  be  the 
greatest  nuisance,  the  most  complete  disturber  of  quiet  and  com- 
fort in  all  parts  of  the  kingdom  that  the  ingenuity  of  man  could 
invent." 

Now,  our  good  friend.  Captain  Dravo,  whom  we  all  respect 
and  admire  for  his  loyalty  to  his  first  love,  the  river  interests. 
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when  he  depicts  the  dire  calamity  that  will  result  to  every  home 
and  every  industry  in  the  Ohio  and  Mississippi  valleys  from  the 
introduction  of  a  few  bridge  piers  in  the  beds  of  these  rivers, 
is  like  the  good  old  English  admiral,  perfectly  sincere  in  what  he 
sa>s,  but  equally  mistaken  in  his  prediction. 


Captain  Jones — "Professional  Reminiscences." 

It  was  voted  that  a  committee  of  three  be  appointed  to  audit 
the  books  of  the  Treasurer.  The  President  appointed  as  this 
committe  Messrs.  Lewis,  Barnsley  and  Covell. 

A  vote  of  thanks  was  tendered  the  several  gentlemen  for 
the  very  interesting  and  instructive  papers  of  the  evening. 

Meeting  adjourned  at  lo  145  o'clock. 

Charles  W.  Ridinger, 

Secretary. 


Hyde  Water  Tube' Safety  Boiler. 


Safe,  Economical,  Accessible,  Dur- 
able, 


For  Blast   Furnaces,  Rolling   Mills, 
Power  Plants. 


Can  be  operated  successfully  in  the 
open  air — no  boiler  house  neces- 
sary. 


Partial  list  of  firms  who  have  given 
repeat  orders. 

Pullman  Co.,  four  orders,  1175 
H.  P. 

American-McKenna  Process  Co., 
three  orders,  2500  H.  P. 

Republic  Iron  &  Steel  Co.,  eight 
orders,  3250  H.  P. 

Moorhead  Bros,   &  Co.,    four 
orders,  900  H,  P. 

Spanp    Chalfant  &  Co.,  four 
orders,  1100  H.  P. 

Scranton  Bolt  &  Nut  Co.,  three 
orders,  1000  H.  P. 

American  Car  &  Foundry   Co., 
four  orders,  1900  H.  P. 


Hyde  Brothers  &  Go,,      -      Pittsburgh,  Pa, 
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ANNOUNCEMENT. 

In  the  future  the  Society  will  mail  to  its  members  and  correspondents, post- 
age prepaid,  ten  monthly  pamphlets  yearly  ;  each  one  including  the 
minutes  of  and  the  papers  read  at  the  regular  meeting,  and  meeting  of 
the  Chemical  Section. 

The  pamphlets  are  for  sale  at  50  cents  each.  Subscription  price,  $5.00  per 
annum. 

In  addition,  any  paper  which  the  author  desires  to  be  distributed  before 
being  read  will  be  mailed  separately. 


The  following  Rules  of  the  Board  of  Directors  are  in  force : 

No  paper  shall  be  published  in  any  journal  or  ma&[aiine  before  its  appearance  in 
the  &k>ciety's  Proceedings,  without  the  sanction  of  the  Boaxxl. 

An  author  of  a  pax>er  is  entitled  to  twenty-five  copies,  if  printed.  In  addition  he 
can  purchase  fifty  or  more  copies  extra  at  first  cost  to  the  Society,  plus  10  per 
centum,  provided  the  order  is  forwarded  before  the  type  is  distributed.  These 
papers  can  be  issued  with  pamphlet  covers  when  desirea. 

With  th^  publication  of  Volume  X,  the  printing  and  binding  of  our  Transactions 
as  an  Annual,  by  the  Society,  ceased.  The  paging  of  the  Monthly  numbers,  how- 
ever, will  be  made  consecutive,  and  at  the  end  of  the  year  a  title  page  and  index 
will  be  provided,  so  that  members  may  have  them  bound  into  a  volume  uniform 
with  preceding  ones. 

Copies  of  Volumes  will  be  mailed  to  members  who  are  in  good  standing,  on  receipt 
of  prices  as  stated  below,  for  paper  covered  or  26  cents  extra  for  cloth  hound. 

Vol.  I,  $1.60,  Vol.  IV.  $2.00,  Vol.  V  II.OO,  Vol.  VI,  $1.00,  Vol.  VII,  $1.50.  Vol.  VHI, 
60c  .,Vol.  IX,  60c.,  Vol.  X,  60c.  Complete  sets  of  Vols.  XI  and  XII,  unbound, $2.00 
each. 

A  few  copies  of  sfhgle  papers  unbound  will  be  carried.  These  can  be  purchased  by 
members  for  26  cents  each. 


In  order  to  keep  the  cost  of  publication  of  papers  within  the  limits  of  the 
resources  of  the  Society,  the  Board  desires  to  impress  on  all  authors  the 
necessity  of  restricting  their  illustrations  to  single  page  and  to  a  limit 
of  three  pages.  The  Board  reserves  the  right  of  supervision  of  papers 
and  illustrations. 

In  regard  to  preparing  drawings  for  publications:  Tracings  only  can  be  used, 
and  these  must  be  in  strong  lines  and  strong  lettering.  The  author  must 
make  all  tracings  subject  to  reduction  to  6}  inches  in  one  dimension. 
The  size  of  a  single  page  of  our  publications  is  6^x4  inches.  Pull  outs 
may  be  in  multiples  of  the  4-inch  dimension,  but  must  not  exceed  6} 
inches  in  the  other.  Many  tracings  may  be  made  so  strong  by  using 
black  ink  and  wide  lines  that  reduction  is  possible  across  the  page.  All 
tracings  can  be  reduced  six  to  one.  [Before  any  illustrations  are  repro- 
duced the  author  must  submit  his  tracings  to  the  Board  of  Direction.] 
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WIRE  AND  MANILA  ROPE, 
PIPE  AND  FITTINGS, 

SPIKES  AND  NAILS, 

WHEELBARROWS  AND  TOOLS, 
SHOVELS  AC. 
FJiICK  &  LINDSAY  CO.,  109  WOOD  ST., 
PITTSBURG,  PA. 


PIPE   COVERINGS. 

85  Per  Cent.  Magnesium  Carbonate. 

Used  by  U,  S.  Government. 

The  Best  and  Most  Durable.     Furnished  as  Represented. 

ASBESTOS  MATERIALS  OF  ALL  KINDS. 

THE   PHILIP   CAREY   MANUFACTURING  CO., 

433  and  435  First  Avenue,  PITTSBURG,  PA. 


MONARCH  IRON  &  STEEL  COMPANY, 

BlJou  Building,  Piltsfaurgh.  Pa. 

Shafting,  Chain,  Black  and  6alv«nl»d  ShttU,  Platas,  Ralls, 
Bart,  I  Beams,  Anglas,  Channalt  and  Muok  Bar. 

SALES    AOeNTS: 

Cumberland  Steel  Co.       Empire  Iron  &  Steel  Co.      Hayden-Cortett  Chain  Co. 


IRON        PAINT 

LIGHT 

strong,    clear,  convincing 
light  on  the    metal  paint 
question  is  found  in  the 
following  letter: 

Hon  with  your  Bma  Iron  Paint  as  a  metal  prmerTatlTe. 
Your  pali't  has  stood  the  mofct  crucial  test  Id  my  iBboralory. 
where  chemicals  ol  ihe  most  corrojlTS  nature  hate  been 

signs  of  action. 

Itiilki  onfyfaiKl  I  kavt  rvir  faand  thai   ■utmld  it  com. 
fitltif  frfurvt  Ifc  mtlal/ittl  and  valsii  In  b  lahaU'f. 

Chemist  lo  American  Steel  &  Wire  Co. 

A  single  trial  of"  Etna  Paint  will 
convince    the   most    skeptical   of  its 
superiority. 

Send  for  a  trial  gallon. 

bon  Faint  and  Asphattuia  l^lnc 

THE  McCLINTOCK  k  IRVINE  CO. 

PITTSBURG,   PA. 

Cadman's  Indestructible 
Blow  Off  Valve. 


Both  Valve  and  Seat  Reversible  to 
I  repairs. 


Practically  equal  to  TWO  ordinary 
Valves. 


To  repair,  turn  valve,  or  seat,  or 
both  upside  down. 


A.  W.  CADMAN  MFG.  CO., 

2814-2816    Smallman     Strest, 
PITTSBURG,  PA. 


I         BUENTE,  MARTIN  &  CO.         | 

5  Contractors  for  Stone  Work.  ^ 


TENTH  STREET 

and 
DUQUESNE  WAY. 

PITTSBURG,  PA. 


TELEPHONES  t 
Bell  954  Grant. 
P.  &  A.  692  Main. 


^  iPif  KViriCiriririWiriririririfKif  i''jPKiPKi''j<'i'i''Ki*'K)'i^^irrtriPmp  % 


Open  neartli.  Crucible, 
Anneaifng.  Heating  and 
Tube  Welding 

EDW.  E.  ERIKSON, 


FURNACES.] 

r^ll/CAM      Consulting  &  Contracting  Engineer,  j 

OirrllWi  BiilMliig,  PIITSBURCI,  PEHHA.  I 


LEADING  MACHINERY  DEALERS 

Baird  Machinery  Company 

We  Pill  All  Orders  with  the  Utmost  Dispatch 


124-126  First  Avenue  r^i-r— r-^^^eki  ■  fn^%      r^ji 

123-125  Water  Street  PITToBUnCai    PA. 


HALL  STEAM  PUMP  CO. 

PITTSBURGH,  PA. 

^  BUILDERS   OF   STEAM    AND    POWER  j 

PUMPS  AND  AIR  COMPRESSORS, 

SINGLE,  STRAIGHT   LINE,    DUPLEX,  TANDEM,  COMPOUND 

AND   CROSS   COMPOUND. 


^  CORRESPONDENCEISOLICITED.  ^ 


DRAVO,    DOYLaR    &    COMPANY,       t 

MERCHANT    ENGINEERS, _.        8 


Uwis    Block,  -    _         -  -  -        '  PITTSBURG,  PA 

Engineering   Specialties. 


Coebnme  Feed  Water  Heaters,  Purifiers  aad 

Filters. 
Gochrmne  Live  Steam  Separators. 
4&  Cochrane  yacuum  Oil  Separators. 


Ball  Ulffh  Speed  Automatic  Enfirines. 

Medium  and  Slow  Speed  Ttirottllnsr  Euffltiea^ 

EDglDeerlna:  Specialties  of  Every  Description. 

Complete  Installation  of  Tower  Plnnts. 


«l 


Chautauqua  Photographic  Company, 

516  Liberty  Avenue,  Pittsburg,  Pa. 

Gommerdal  and  Mechaiiical  Photography 

EXPERT  OPERATORS.  Both  'Phones. 


MANUFACTURERS  AND  PRODUCERS  SUPPLY  COMPANY. 

723  and  725  LIBERTY  ST.,  PITTSBURG,  PA. 

WIRE  ROPE,  LUDLOW  GATES, 

BABBITT  METAL.  MERCHANT  PIPE. 


J.  lie  is  in,  and  from  every  source  the  record 

Verdict        °^^^^  Packard  is  top  notch 

'  Ask  the  man  who  owns  one  " 

ONE  GENTLEMAN  WRITES 

Cleveland,  Ohio.  Nov,  2»,  t« 
r,'  lucd  It  for  Ave  monthi  <nol  a  cent  h 
.javea  Model 'F';  hnve  driven  It  over' 
eiceed  las.OO,  and  the  longer  I  use  it  the 
iDt  Binivi;  uriwrtDd  mftny  Dlherr' like  It  can  he  Been  at  uui- omcc.        awia  rar  i;niMg  c, 

PACKARD  MOTOR  CAR, 

NEW  YORK,  CHICAGO, 

Eastern  Department,  311  W.  Mth  St.  P&rdee  &  Company.  IWt  Michlffui  Blvd. 

PHILADELPHIA,  LOS  AS0ELE9. 

Win.  a.  Rudolph.  302  H.  Broad  Bt.  NoT[iun  W.  Church,  439  S.  Main  St. 

BOSTON.  SAN  FRANCISCO. 

II.  B.  Sbaltuck  &  Son,  S39  Columbus  Are.  H.  B.  l.analere.  UH  Muket  Bt, 

Prlc«,  «3.0OO 
F*aclcarcl  JVlotor  Car  Go^  'Wart-en  O. 


Berger&Gurley 

TRANSITS 
AND    LEVELS 

and  supplies  of  every  description 

for  the 


Gvil,    Mifting  or  MecfuHical   Engineer. 


LOWEST  PRICES. 
BEST  GOODS. 

EllUott  E^lectric  Blue  Print  Co. 

723  Liberty  Avenue,  PITTSBURG,  PA. 

BOTH  PHONES. 


H»l»»lBl»IWH«WtMW— ■•■■■■■■••■ 


THE  PETROLEUM  IRON  WORKS  CO., 

-  VASHINGTON,  PA.  ^ 

Ifavnfactursrs  of   .    .  .  and  kII  clBBass  of  9t««l 

'  nniT  ITRQ  PlKt«  and  8h««t  Iron 

DUll<l!,K.a.  Worn.    Our  ■psclaltv  1» 

STACKS.  Tanks  for  atoraao  of  any 

TANKS,  fi:*«V"p"?-o^."'  " 

LOWE  FEED  WATER   HEATER    AND   PURIFIER. 


HAZARD    MANUFACTURING    CO. 

WIRE.    ROPE.. 

Hard  and  Soft  Drawn  Ceppsr  WIra.       inauUtsd  Electric  Wires  and  C^les. 

A  Fall  Iilne  of  Kopca  In  Stock  at  out  PIttabniK  WBiehona*. 

N.     P.    HYNDMAN,    Sales    Agant, 
23-24  Cenastofle  Building,  -  -  PITTSBURG    PA. 


Phillips  Mine  and  Mill  Supoly  Co., 


PITTSBURGH,  PA. 


Patent  Waste 

Pw:ked  Wheel. 
Simplest  and 

Best  Made  ,  .  . 

Screens, 
Screen  Bars, 
Screening  Plants 
Complete, 
Car  Dumps, 
Cars, 

Larry  Wagons, 
Hitchings,  Etc. 

Let  us  Submit 
PUns 

and  Estimates. 


MANUFACTURERS  OF 


Coal  and  Coke  Works  Equipment. 


£,MIL  SWE.NSSON,  C.  E. 

M«  Am*  3oc»  C*  £• 
Consulting  aind  Constructing  Erngineer. 

Telephone,  Bell  3363  Court.  92S  Frick  Buildins,  PITTaBURGH,  PA. 

Bridges,  Elevated  Boad^,  Office  and  Mill  Bolldlnss,  Cars,  Ocean  Piers  end  Docks, 
Ore  and  Coke-Bins,  and  other  Steel  Stmctures;  Manufacturing  Plants;  Ball  Boads, 
Bapld  Transit  Systems,  and  Street  Ballways;  Foundations,  Examinations,  Yaloa- 
tlons  and  Beports  for  law,  stment 


Patented. 


I 


Extensible  Trench  Brace. 


Screwe  and  cape  ffurniehed  for 
Timber  Bradee.  Send  for  llluetrat- 
ed  Catalopae  and  Price  Llet. 


German  National  Bank  BIdg.,  PItteburg,  Pa. 


J 


CONSULTING 

ENGINEERS, 

k^                            FERGUSON  BUILDING,  PITTSBURG,  PA.  ^ 

y    Blaet  Furnacee,  Beseemer  and  Opt n  Hearth  Steel  Worke,  Rolling  Mille,  Steam  and  Hydraulic  Machin-  >d 

ery,  Etc.,  Hoop,  Merchant,  and  Contlnuoue  Mllle.  A 

CABLE    ADDRESS:     "  HUBER.*'    PITTSBURG.  jj 

COURT  3366.  3366.  ^ 


I  S.  V.  HUBER  &  COMPANY, 


JAS.  H.  BAKER  IVIANirACTlRiNG  CO. 


DUPLICATE   FORGING 

General  Office  and  Works,  Tarentum,  Pa. 

603    PARK    BUILDING,  PITTSBURG^     PA. 


Designers  of  Special  Machinery.  Gear  Cutting  and  Repair  Work. 

EAGLE    TOOL    AND  MACHINE    CO., 

120  Sandusky  St.  and  201-203  Robinson  St., 

MANUFACTURERS  OF 

Shears,  Punches  and  Presses,  Sheave  Wheela,  Friction  Pulleya  and 

Clutches,  Hangers  and  Shafting. 


Good  Material.      Prompt  Delivery.      Reasonable  Price. 

Wm.  Harris  &  Son, 

Works, 

709-715  Belmont  Street, 

Aliegheay. 

Office, 
Bex  I062t  Pittsburg. 

It  does  not  pay  to  make  your  own  HItchlngt.      We  can  eupply  yeu  better  and  cheaper. 

SKNSFOW  PRICCS 
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THE 

HEATING, 
VENTILATING 
&  FOUNDRY 
COMPANY. 


BNGINBERS    AND    MANUFACTURERS. 


Heating,  Vetitilatitig  and  Sanitary 

Apparatus  for  Public  Buildings 

and  Residences  a  Specialty. 


OFFICE  No.  1325  PARK  BLD6., 
P.  A.  Phone,  ilm  Pittsburg,  Pa. 


Foundry  and  Machine  Shop, 
Weiisburg,  W.  Ya. 
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ATLAS  ''"""""^ 


Cement 


Is  the  Standard  American  Brand. 


The  following:  are  a  few  of  the  many  buildings  where 
Atlas  Portland  Cement  was  used  exclusively  in 
Pittsburg  and  vicinity: 

Western  Pennsylvania  Exposition  Building,  Pittsburg,  Pa« 
Keystone  Bank  Building,  -  -  -  Pittsburg,  Pa« 
Peoples  Savings  Bank  Building,         -        Pittsburg,  Pa« 

Phipps  Building, Pittsburg,  Pa, 

Hotel  Henry, Pittsburg,  Pa, 

Flannery  Apartment  Houses,  -  -  -  Pittsburg,  Pa, 
A*  R*  Peacock^s  Residence,  -  -  Pittsburg,  Pa, 
W.  N.  Frew's  Residence,  -  -  -  Pittsburg,  Pa. 
Allegheny  High  School,     -        -        -       Allegheny,  Pa, 

^9     ^B     ^S     ^S     ^S 

Atlas  Portland  Cement  Co., 

30  Broad  Street,    -  -  -  -    New  York. 


DUNCAN  ©  P0RTE:R, 

Sole  Agents*  Pittsburg  Md  Alleglwiiy, 

212-16  Anderson  Street, 

Telephone  151  North.  ALLEGHENY,  PA. 


PLANED  BEVEL  GEARS 


CUT  GEARS,  RAWHIDE  PINIONS,  HIGH  GRADE  MACHINE  WORK. 

FAWCUS   MACHINE  CO. 

28thand5mallin&nSl,  PITTSBURG,    PA.    Telephones 351  Fish,  1540  Grant 


SOMERVILLE  ENGINEERING  GO., ' 


CIVIL   AND  CONSTRUCTING 
ENGINEERS, 
HK,  pittsbvim;.  pa. 
St*el  BrWgas,  Viaducts  and  Mill  Building  Structural  Work. 

Designa,  Sp*oiflcations,  Eatlmates,  Inspaotian  and  Tasta. 


Ureatest  Reduction  ev«r  offered  la 

STEEL  FIRE-PROOF  SAFES 

Savins    GuatomeFa  40  par  caul-  on  all  atses.     Boolflets  sent  free. 

C.  W.  FRANKLIN  STORE  ROOM, 

No.  6  Fourth  Avenuo,  PITTSBURGH,  PA. 


"v^^nnp 


wmtmt 
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Wait  a  Minute! 


Do  you  know  that  thia 
is  the  age  of  improve- 
ment* thia  is  what  is 
making  our  country 
ao  famous? 


Well,  we  have  improved,  too, 
and  would  like  you  to  try 


Larkin's  Self- 


Larkin  s  belf  -  p       K  •  ^  ^ 

Lubricating  Metallic  1  dClilUg 


and  let  it  talk  for  itself. 
You  will  notice  this  im- 
provement in  your  ex- 
penditure for  packing  in 
a  short  trial. 


Try  it  and  aee  if  waiting  a 
minute  haa  not  saved  you 
MONE.Y. 


Pennsylvania  ELlectrical 


AJND 


Railivay  Supply  Co. 

General  Sales  Agents, 

PENN  AVENUE  and  THIRD 

PITTSBURG,   PA. 


Pittsburg  Manufacturing  Co., 

FOUNDERS   AND   MACHINISTS. 

Builders  of  Crosgrova  Patents, 

Straightening  and  Bending 

Machines. 

Manufacturers   of   Bolts,   Nuts, 

Rivets,  Hangers,  Building 

Irons  and  Forglngs. 


Offi«*  *nd  Works  2eth  St.  aiKl  A.  V.  R.  R..        -        PITTSBURG,  PA. 


1  THE  CHAPLIN-FILTON  MFG.  CO.  | 

i  -  ~  nAHUFACTUItEltS  OP  f 

The  Visilant  Feed  Water  Regulator  for  Steam  Boilers,    i 
Pressure  Regulating:  Valves  for  Natural  Gas.  i 

Rogers'  Patent  Balance  Packing  Rings  for  Steam  Engines,  i 


i 


i 


i  28  TO  34  PENN  AVE.,  PITTSBURG,  PA.  J 


Eoerytliing 

FOR  THE 

Artist, 
Architect, 
Engineer, 
Surcegor. 

Dratcing  Room  Furniture. 
Catalogues  on  Application. 

The  Wm.  E.  Stieren  Co.. 

644  SmKhflild  31.^406.8  SliHi  kn., 

PITTSBURG,  PA. 


BELTING 


is  the  most  eco- 
nomical  ajid   ef- 
ficient    belting 
ma.de 
FOR  E,VERY  KIND  OF  USE, 

Hard  *erTic«,   w«t  or  dry.   «zpos«d  to  boat.   oil.   atoam. 


ivoalhor,  driving  or  carrying. 


FhflBdaloklk. 


J.  D.  Mcllw^ain  &  Company, 

SELLING  AGENTS. 

208-210  Third  Avenue,  -  -  Pittsburg. 


t  Lacing  Machine 


a»)5  of  teen  com  poll  Hod,  when  Blight  adsant- 
»  often  attended  by  the  mmt  Important  reaulta, 
the  be«l  thought  of  business  men  the  uorJd  over, 
lae  beltinB  is  such  an  ImporUut  item  In  everj- 


.._ ..._ 3l  laelng  but  Kill  rc<tuce  to 

the  miiilmum  loss  caused  by  the  smiinage  of 
maehlnery.    The  cost  of  wire  lacinK  with  this 


HIAL  ALLOWED. 


J.  D.  MclLWAIN  S  CO. 

General  RjiilnaT,  Ulll,  Mine  and 

Contnclon  Supplies, 
208-210  THIRD  AVE., 

PHONES  jp^i'^'^g-U^^    Pittsburg. 


THE  WEINLAND 

W  IS  THE  FIRST 

Water  Power 

Tube  Gleaner 

ever  used  in  boiler  tiii^a.     Mr.  Weinia"d,  liimself  a 
pradlnd  Engineer,  being  the  pioneer  and  Jird  iiivmloT 
in  this  line,  and  our  improved  machines  U>-day  are 
the  natural  outgrowth   from  our  original    machine 
which  Roniained  the  liaeic  eli'mentx  of  all  jireeent  day 
Turbine  Cleaners.    Oiira  are  :                               ■ 

EFFECTIVE,  because  a  steady,  conataut  catting  and  grind- 
ing proceBs'  18  kept  up  at  the  propor  point, 

DURABLE,  because  parts  are  ao  strong,  made  from  special 
stock  to  withstand  the  severe  duty  required  of  them,  no 
joints  to  work  loose,  or  wabble  and  play  arounfl,  in  tubes, 
injuring  them  and  destroying  cleaner. 

Qi 

ECOHOniCAL,  because  they  save  coal,  time,  tubee  and  labor.     - 
POPULAR,  because  they  cost  but  little  and  do  work  upon 

which  others  fail, 

We  make  many  styles  for  all  kinds  of  boilers.     In- 
a  wonder  for  rapid,  economical  cleaning. 

THE  LAGONDA  MFG.  CO. 

SPRINGFIELD,  0.,  U.  S.  A, 
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THE  WILLIAM  TOD  COMPANY, 

Engine  Builders,  Founders  and 
Machinists, 


MAIN  OFFICE  AND  WORKS,  YQUNGSTOWN,  OHIO, 


Branch  Office,  Park  Building/  Pittsburg,  Pa. 


KEYSTONE  ELECTRIC  COMPANY, 

ERIE,  PENNSYLVANIA, 

DIRECT  CURRENT  ELECTRICAL  MACHINERY* 

Generators  I -1000  Kilowatts* 

Motors  1-500  Horse  Power* 


National  Fire  ProofinR  Co.  g^i 


Pittsburg^  New  York, 
a, 
Chicago. 


The  recos^nized  standard  material  for  fire  proof  ins:. 


Do  you  print  with 
Imporial  Bluo 
Print  Wringor  7 


CHEAP,    ECONOMICAL,    LASTING 


Pittshurg  Bluo  Print  Company, 


1505  N.  Park  Building, 


Pittsburg,  Pa. 


W«   mak*  the   black  and  brown   prints   by   •leetrioity   and 
guarant**  b«st  and  promptest  s*rviee  in  the  oity. 


Asphalt  Rubber  Roofing  Paint 

I   UNEQUALED  FOR  IRON,  TIN.  STEEL  OR  FELT  ROOFS. 
I  FIRE    AND     WATER    PROOF. 


;     WARRANTED. 

,  A,    Written    Guai^ 

I  ante«  o  f  Twenty 

I  Yearfi  Is  Given 

I  With  Thig  Paint. 

Send  for 
Catalogue 
and 
Price-Ust. 


WORLD'S 

FAIR 

AWARD. 

We  are  the   oq|i^  ' 
Asphalt  Rubber  I 
Roofing    Company  I 
awarded  Medal  I, 
and    Diploma    for  i 
Aaphatt  Rubber  . 
RooSnK   Paint    at 
t  h  e  World's  Qo- 
Inmbian     Exposi- 
tion,  at    Chicago, 


ESPECIALLY  ADAPTED  FOR  RAILROAD  WORK. 

ASPHALT  RUBBER  PAINT  CO., 

t   631  PENNSYLVANIA  AVENUE,       .         N.  W..  WASHINGTON,  D.  C. 

Manufaoturara  Asphalt  Rubber  Roofing  Paint  and  Camant. 

I     BBANCBES— BalUmDm,  Md..   PblLadFlpbll.  ri.,   WllmLDglaD, 


RITER-CONLEY   MFG.  CO. 

STEEL  CONSTRUCTION. 

BUILDINGS,  PLATE  GIRDERS,  GAS  HOLDERS/ 
RIVETED  PIPE,  TANKS  and  all  kinds  platc  work.  ' 


Works;  PITTSBURGH. 
ALLEGHENY. 
LEETSOALE. 


General  OfDca: 

66  WATER  STREET, 
PITTSBURGH. 


The  Micro-Analysis  of  Metals 

is  everywiMre  attracting  the  attention  of  Scientific  Engineera. 

We  have  the  most  approved  apparatus  and  supplies  for 
the  work  involved, 

SCIENTIFIC  MATERIALS  COMPANY, 
Dept  B,  711  Penn  Ave.,  Fittsburgh,  Pa. 


TAYLOR,  WILSON  &  CO.,  Limited. 

Manufaeturars  at 

Prpe    Mill    Machinery 

Pipe  Threading  and  Cutting  Maohinea,  Socket 
Tapper*,  Teating  Benches,  Croea  Rolla,  Socket 
Reamera  and  other  machinery  uaed  in  the  man- 
ufacture of  Wrought  Iron  pipe.         0^0 

MACHINE    MOLDED  GEARS. 

101  GRANT  AVENUE,  -  -  ALLEGHENY,  PA. 


Victor  Beutner, 

Engineer, 

l2ll-ISia-IZ13   WESTINOHOUSE   BUILDINO, 

PITTSBURO. 

Blast  FurnaoM.  Staal  Works.  Rollinc  Mill*. 


D.  P.  JONES  &  CO.,   MECHamo/iL  ewbiiieebs, 


No.  7  Stovsnion  Building,  Pittsburg,  Pa. 

Engine  and  Boiler  Test  conducted.  Experts  in  the  examination  and  analyses  of  all 
kinds  of  luels.  Consultations  upon  engines,  boilers  and  mill  work.  Materials  of  con- 
-.-....:._  tgstgj  and  inspected. 


TURNBUCKLES.  CLEVIS  NUTS. 


CLEVELAND  CITY   FORGE  A   IRON  CO.,  CLEVELAWD.  OHIO. 


(     jTEI.i.^  iiliiii'TBIHiUn^^ 


Lufkin 

STEEL  TAPES 

are  Indispensable  for  Accurate  Work. 


Lufkin  Bulo  Co.,    •   Saginaw,  Hich.  tZ^„. 


United  States  Fireprooflng  Corporation 

MANUFACTURERS  AND  CONTRACTORS 


^■p 


■■mi 
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Expert  in  preparing 

spedflcatloQs,  for  the 

protection  of  Iron 

and  Steel  work  and  i 

other  metal  surfaces,  joi  Lewis  BJock, 


D.  M.  HOT^E. 


CONTRACTING 
PAINTER. 


•  •      « • 


Pittsburg,  Pa. 


VITH 

OVER 

30  YEARS^ 

EXPERIENCE. 


PEERLESS 


FOR 
5ALB 


INCANDESCENT  LAMPS, 
FAN  MOTORS, 
TRANSFORMERS     me  Warren  Electric 


BY  DOUBLEDAY,  HILL  ELECTRIC  COMPANY,    Specialty  Co.. 


PITTSBURG,  PA. 


WARREN.  O. 


Bindley  Hardware  Co., 

"  EVERYTHING  IN  HARDWARE." 

7th  Ave.  and  Grant  St.,   -    Pittsburgh. 


Pittsburg  Construction  Co.        $ 

BISSELL  BLOCK.  PITTSBURG.  > 

Coal  Tipples,   Trestle  Work,  Grading   Masonry.  I 

zx«x«    BX7zx«Dznrcts  I 

:,  Wood,  Stone,  Concrete  and  Steel.        i 


Constructed  of 


0     SPECIAL   ATTENTION 
^  Paid  to 

Shoring  Up 

FrontB, 

Betting  ColamnB. 

Beams  and 

Girders, 

Shoring  Up  and 

Straightening 

Floors. 


YARD 

•Phone  C.   D.  &.   P. 
15896rant. 
1721  Blnff  Street. 


H.  SHEELER, 


*? 


HOUSE  MOVER 
AND  RAISER, 

BRICK  and  STONE  BUILDINGS 
Raised  and  Moved. 

Office :  616  Chamber  of  Commerco  Building, 
CHICAGO,  ILL. 


BRANCHES :  ZZ5X  St.  Clair  Street,  CXrBVBXrAND,  O. 
'Phone  Main    86.  203  i;cwia  Bnildlnff, 

Grant  876.  PITTSBURG,  PA 


«« 


t 


M.  H.  PICKE^RING, 
FURNITURE  AND  CARPET  HOUSE, 

TENTH  ST,  AND  RENN  AVE.,  RITT^BURG,  RA. 

Agency  La'wson  Sectional  BooR  Case. 

Either  Phone.  1190.  Office  Rugs  and  Carpets,  Office  Chairs. 


"PITTSBURGHIEFIDLUD 

PEKNSyLVANIA  SMELTING  fiGO. 

BUY  Lead  Ores,  Drosses,  Residues, 

SELL  Lead,  Hard  Lead,  Alloys, 

ASSAYS  Gold,  Silver,  Copper,  Lead  Ores,  &c, 

ANALYSIS  OF  ALLOYS. 

OFFICE,  331  FOURTH  AVENUE,  PIHSBURG,  PENN'A. 

WORKS,  CARNEGIE,   PA.  JHH 


'Cahall" 

cal  Water  Tube  Boiler 

iltman  &  Tajlor  VacMnei?  Co, 

:nd  for  Illustrated  Catalogue. 

Cahall  Sales  Department, 

Sol«  AganU  for  th*  UaiM  Sutu, 

Bank  of  Conmerce  Bolldlnr,  Plttsbnre. 

The  HoDltery,  Chloso. 
B42  Drstal  Bidg.,  Phllidalptals. 

10IS  TrsmiiiiC  BIdg.,  BoBtod.  Raaa, 

IlMO  York  Olliea,  l&s  Taylor  Bias 


.  Carroll  Darr,™^",'?;'''^';*"-:"' 


CIVIL    ENGINEER. 


PinSBURG  COHSTl{UGTIO(l  AHD  EHGINEEtilHG  CO. 

COR.  2Tth  and  liberty  STS.,   PITTSBUnG,   PA. 

ELECTRICAL  ENGINEERS  AND  CONTRACTORS. 


J.  A.  McCORMICK,  machinery  depot. 


ATLAS  ENGINE  WORKS,  HEISLER  HIGH  DUTY  PUMPING 
ENGINES,  VERTICAL  ENGINES. 


WHEEL  CHAIRS. 


LINING  CHAIRS. 

OR  LIBR'RY  OR  SICK  ROOM. 


Stevens  Chair  Co., 


31  Sixth  Straet, 


Real  Estate  Trust  Co. 

of  Pittsburgh,  Pa. 

No.  31 1  Fourth  Avenue. 
CAPITAL,  -  .  .  $2,000,000 

SURPLUS,       -  -  .  .     1,700,000 


Pays  2  per  cent  interest  checking  account.    Pays  4  per  cent  iniei«st 
savings  sccount.    Accounts  solicited. 


JOHN   EICHLEAY.  jR.  CO. 

...HOUSE  MOVING... 

STRUCTURAL    STEE.L. 

South  22d  and  Wharton  Streets, 

TELEPHONES:  w»w-w.™.««mw  tw.  ^      ■«  * 

Krth 420 ind  421.  P.  AN.,  South 248  ind  360.        F1TTSBIJR.G,   PA. 

[Pittsburgh  White  Metal  Co.] 


FIXTSBURGH,  PA. 
MANUFACTURERS  OF 


Ba..«and       ^^J^ 


Anti-Fpictlon 


We  Make  the  Best  Metals 

Known  to  the  trade  for  all  kinds  of  work.     TRY  US. 

Price  Consistent  With  Quality  and  Market. 


BBNKI  TaaNTEK,    . 

OBO.  H.  CDIXET,      Snpcnnb 

TRANTER.  DAVIDSON 
MANUFACTURING  CO. 


OEILEIIS  IH  M 

GENERAL  SUPPLIES. 
AGENTS  FOR  WARREN   GAS  ENGINES. 


L 
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Technical  Instruction  by  Mail. 

The  American  School  of  Correspondence,  formerly  of  Boston,  offers  courses  by 
correspondence  in  Electrical,  Mechanical,  Stationary,  Locomotive  and  Marine 

EIVailNEERINa 

Mechanical  Drawing,  Perspective  Drawing,  Sheet  Metal  Pattern  Draftii^,  Heating, 
Ventilation  and  Plumbing,  Telegraphy  and  Telephony.  Also  forty  short  special 
courses. 

The  instruction  papers  have  been  especially  prepared  for  the  School  by  men  of 
wide  practical  experience,  based  on  broad  theoretical  training. 

The  courses  are  in  no  way  intended  to  replace  resident  school  courses,  but  are 
intended  to  offer  ambitious  young  men  who  have  not  the  means  or  time  to  attend  a 
resident  school  an  opportunity  for  self-improvement. 

Instraction  under  Members  of  Faculty  of 
Armoor  Institote  of  Tecbnolofy. 

All  work  therefore  will  leoelve  full  credit  toward  resident  work  at  the  Armour  Insti- 
tute should  the  student  at  any  time  continue  his  siudles  there.  For  examnle:  Parts  1-6  of 
the  work  on  Mechanical  Drawing  mastered  under  thcM  auiplces  will  oe  accepted  as 
entrance  preparation  on  that  subject  to  the  College  of  EuginecTing. 

Students  in  full  engineering  courses  are  furnished,  as  a  help  In  their  studies.  In 
addition  to  regular  Instruction  papers,  with  a  Technical -Reference  Library  In  10  volumes. 

Full  particulars  and  catalogue  may  be  had  upon  request.  State  course  In  which  you 
are  Interested  and  present  occupation. 

American  School  of  Correspondence 

at  Armour  Institute  o/  Technology.  CHICAGO^  ILL. 


0.  p.  SCAIFE.  H.  E.  GRANT.  0.  P.  8CAIFE. 

OLIVER  P.  SCAIFE  &  CO.,  Ltd. 

Manufacturers  of 
GAS,        AIR,    X  A    N     K  S    O'L,    WATER, 

SpeclaHlet:    RECEIVERS  AND  CYLINDERS    For  Compretted  eat  and  Air. 
OFFicca:  works: 

No.  421  Wood  St  &  Elizabeth  &  Gloster  Sts.  Glenwood,  Baltimore  &  Ohio  Railroad, 

PITTSBURG,     PENNA. 

TELEPHONE,  HAZELWOOD  22. 


Lo:o:aox)X3 


En      IfnT  A  TIT     0      flOlT        Manufacturers  of  C.   Steel  and   Flint   Brandt 
.  0.  HCLAIN  JSl  \m  High  Grade  Fire  Brick. 

General  Offices:  Second  National  Bank,  Pittsburg,  Pa. 

«XSXSX5)®(5X5)(S®SX5)®®Sx^ 


AGENTS  FOR  THE 


Huxley  Non- Destructible  Valve.    Hoppe'e  Feed  Water  Heater,  Live  Steam 

Purifiers,  Steam  Separators  and  Exhaust  Heads. 

Metallic  Hydraulic  Packing. 

THE  EDWARD  L.  SULLIVAN  CO.,  Manufacturers'  Agents, 

Office  and  Wareliouse,  426  and  428  First  Avenue,  PiTTSBU  RG,  PA. 


FISCHER   FOUNDRY  &  MACHINE  GO. 

BUILDERS  OF 

Rolling  Hill  and  Steel  Works  HachlDery 

OF"  BVERY  DESCRIPTION. 

PITTSBURG,  S.  S.,  PA. 


THE  C.  &.G.  COOPER  CO.,  Mr,  VEimoii,  Ohio. 

BOILDERS  of  Rolling  Mill  Engine* 
Winding  Engines,  Heavy  DqIt  Cor- 
liss Engines  lor  Street  Railway^,,  Electric 
Lighting,  Fdctoriea  and  General  Manu- 
facturing Piirposee,  Heavy  Special  Cast- 
ings, Fly  Wheels,  Condensers  lor  large 

M«lia  m  Specialty  af  Furnish- 
ing   Complata  Sta«m  Plants 
of  th«  Largaat  Capavlty. 
ESTABLISBCD   1S33 


111  dtilgnt  11 


3  lo% 


Spiclil  pilttrns 


ll   mrk 


i 


upnrni    «    «u     com-  l 
lirtMid      ilr      hiulag* 

plMli,  lurtid*  or  undtr-  L 

groind,  in  opertllan  mlLli  [ 

1  taSlacomotlvai.  |j 


llhittritid  Catilogug 
No.  24  Shm*r.  ntlladlru. 

UIGHT  LOGOMOTIVES-STEflM  AND  PNEUMATIC. 

H.  K.  PORTER  CO.,  WOOD  AND  SIXTH  STS.,  PITTSBUR6,  PA. 


A.  GARRISON  FOUNDRY  CO. 

Manufacturer*  of 

ROLLS 

AND    ROLLING    MILL    MACHINERY, 
PITTSBURG,  PA. 


WICKES  VERTICAL  SAFETY  WATER  TUBE 

STEAM   BOILERS 


WICKES  BROS., 


SAGINAW,  MICH. 


Bruch  OmoH,  BB-9T  LIbwt)  St'.  Nto  Ttrti.H.Y. 
1214  Mtrwttt*  BM|.,  CWc«|*,  II 
BOSFrlckBBll "       ""    ■  " 


AMERICAN  SEWER  PIPE  COMPANY,  I 

MANUFACTURERS  OP  { 

Standard  Akron,  Celebrated  Obio  River  and  Renowned  Granite  i 
Sewer  Pipe,  la  alaee  »  to  a4-lnah,  alBO 

Standard  and  Double  Strength  Culvert  Pipe,  , 

SIZES  27,  30,  33,  36  INCH. 

OAPAOITY.  e.OOO  OAR  LOAOS  PCR  MONTH.  \ 
CowlHiti,  Flue  Llninga,  HbIIow  Brick,                        S«comI  NbUomI  BMk  BuihB«fl, 

PITTSBURGH,  PA.  I 


Ortii  Tiie  and  Kindred  Produott. 


E).  ASMWORTH, 
..Mechanical  Consulting:  Eoglaeer  and  Steam  Expert... 

616  Penn  Avenue,  PITTSBURG.  PA. 


STEAM  AND   TRANSMISSION   OF   POWER   A  SPECIALTY. 


THE    CARTER    ELECTRIC 


ELECTRICAL  CONTRACTORS. 
ARROTT   POWER    BLD'G,  |||  TELEPHONES: 

, '''irrri'.tr.^..  P..    Ill     !'f5. 1774  •".•-'■ 


FINE  CRUCIBLE  STEELS. 

WESTMORELAND  STEEL  COMPANY, 

424  Fourth  Av...  PITTSBURG,  PA. 


FIRE  BRICK. 


HMTIOML  FIH  IRICK  CO.. 
I.  Oht*. 

Nallonil  and  Sliidird  Bnndi. 

THE  STOWE-FULLER  CO.,  **'^"  •o'Xf  s:      ^  ^  JOHISTOK, 

Cl>inl4nd,  Ohio.  Pabilcatinn  Btdg.,  PRItlMrg,  Pa. 


THE,   FULLMAN    CO., 

ELECTRICAL   CONTRACTORS. 
Manufacturers  of  Electrical  Specialties. 

Machine  Shop  Jobbing. 

Imperial  Power  Building,  -         3rd  St.  &  Penn  Ave.,  Pittsburg,  Pa. 


ENTERPRISE  CONTRACTING  COMPANY, 

CONTRACTORS    FOR 

PILE   DRrVING,  TRESTLES,  DOCKS,  MASONRY,  DREDGING  AND 

CONCRETE  WORK. 

No.  8   Wood  St.,  PITTSBURG,  PA. 

'^ca,  RDon  I,  Iron  Eichangt  BvifdlnB.  Te[>phsnai,  Ban  IB6B  Court.    P.  ft  K.  1641  Ml 


Electric  Light  isi  Power  Plants 

Oar  Speciatti;. 

Would  be  pleaded  to  aubmlt  you  a  propoaltion 
cover  Ins  tout  needs. 


ELCCTR1C  IIOHT  11 
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IRON  CITY  ENGINEERING  COMPANY, 

Room  IS31,  Frick  Boildint, 
Bm'c.^"'"''  PITTSBURGH.  PENN'A. 
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DAVID  LAMOND, 


ENGINEER  and 
CONTRACTOR. 

FERGUSON  BLOCK.  PITTSBURG,  PA. 

Blast  Furnace  Construetlon.  All  Kinds  of  Fire  Briok  Work. 

Sole  Agent  for  C.  H.  FOOTE,  FIRE  BRICK  STOVES. 


R.  F.  HUNTBR, 

OIVILr    AIND   MINIINa    EINQIIVEER, 

AJ^S  Pourth  Avenue, 

(Second  Floor  Front.) 


The  Duff  Patent 

Water  Seal 

Gas  Producer 

Nti/tver  2300  In 
successful  operation. 


Thb  Federal  Steel  Co.  in  their  variottb  depart- 
ments HAVE  ABOUT  90  ;  THE   PENNSYLVANIA    SlKEL 

Co.,  110;  American  Steel  and  Wire  Co.,  60; 
Sharon  Steel  Co.,  50;  National  Tube  Co.,  45,  and 

MANY  others.  IN  ADDITION  TO  ABOVE  PARTIAL  LIST 
WE  HAVE  ABOUT  100  UNDER  CONSTRUCTION  AT  TH« 
PRESENT  TIME,  WHICH  INCLUDES  32  FOR  THE  COLO- 
RADO Fuel  and  Iron  Co. 

FOR  PRICES  and  FURTHER  PARTICULARS 
.  APPLY  TO 

THE  DUFF  PATENTS  COMPANY, 

EMPIRE  BUILDING, 


PITTSBURGH,  PA. 


ONONGAHELA  TUBE  COMPANY, 

MANUFACTURERS  OF 

IRON  and  STEEL  BOILER  TUBES,  OIL  WELLTUBEIN6  aRd  CASINO,  LINE  PIPE.  ftc. 

GfRctt,  Ferguson  Block,  Third  Avenue,  PITTSBURG,  PA. 
WORKS,  WILSON,  PA..   P.  V.  A  C.  R.  R. 


t\ 


.BROOKSeCO-CL^ElAND'O 

Flggr&Sidewalk  Lights. 


OF  EVERY  DESCRIPTION. 
SENDf^OvTALOCUE. 
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THE  PITTSBURG  PATTERN  CO.,  Incorporated, 

PATTERN    MAKERS. 
BOTH    PHONES.      No.   3200    PENN    AVENUE,    PITTSBURG,    PA. 


PATTERN  MAKERS. 

BRUSH  &  ste:phe:ims  co.  | 

C.  D.  A  p.  Caurt  1610. 

109-108  P«nn  Avanua, 

P.  A  A.  Main  1610. 

Pltiaburs,  Pa. 

n                       .-  -  .                                                1 

CHARLES  G.  SMITH  CO., 

HIGH  GRADE 

MACHINE  TOOLS, 

"FRISBIE"  Frietlen  Puliay*. 

347  Fifth  Avenue, 

PITTSBURG,  PA 

BELL 

■PHONE  360a  GRANT. 
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THE    AMERICAN 

STOKER    COMPANY, 

u 

^       MEW  YORK.    FITT8BUR0.    CHICABO. 

A1LAMM.  8ALTUKECITT.  LONDON,  ENS.              1 

F=OR    SKUE. 

Spiclal  Englnn. 

•t  IS  Id.  I  Zt  Id,  Umnsfleld  EnstnH;  PoaltlTe  . 

IIODCOClIillfpS  VulTBI. 

I  IS  In,  I  18  In.  Hlgb  Speed  AdUdmUc,  Tm 
Irmme  ttv.  bnllt  bi  Roblnsoa  Res  Hit.  i 


),  (One)  bearj  duty,  p 
b  beHTT  r\j  Wsbral,  d 


.  CapulU  4  In.  blUcle;  30  In.  nvenlMe 

1«ln.  Wmls&RoosSbeel-piickSbeii. 
Tin  Mill  DonbHatSbeirimih  endue). 


Locamothd,  Ntw  and  SMOnd  Hind. 
•Sloniaei  Blgbt-huirl.  tStgnUei  Led  bl 

B.  M.  EVERSON, 


EVERYTHINQ   ELECTRIC. 

WESTINOHOUSE  ELECTRIC  &  MFO.  CO. 

and  all  Principal  Clil.a  la  U.  S. 

STEAM  &  GAS  ENGINES. 

WESTING  HOUSE  MACHINE  CO., 

Manufacturers. 

WESTINQHOUSE.  CHURCH,  KERR  &  CO., 

PITrSBURQ,   PA. 

Sawyar-Haa  Electric  Co.,  AlIesliaBr,  Pa.,  lac  Laapa. 
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"So  That  He 


Who  Runs 


May  Read" 


FOR  YOUR  SAKE 
FOR  OUR  SAKE 


Wisconsin  Graphite 

Paint: 


.Will  Prolong  [the  Life  of 


All  Exposed  Iron  and 
Wood  Work 

I^Sample  free  [for  Jthe^  Asking 

Wisconsin  Graphite  Company 

Box.  53  North  Side 

PITTSBURG,  PA. 


No.  3,  Standard 

1902  Visible 

MODEL.  Writer. 


The  OLIVER  Typewriter 

Combines  the  Six  Essentials 
of  a  Good  Typewriter,     a     a 

Speed.  Facility. 

Simpltctty.  Durability. 

Visible  Writias.      Manifolding  Power. 

THE  OLIVCR  !•  ua«d  ftad  endoravd  by  th*  larcest 
manufacturins  and  bualnvsa  concvma  In  the  city. 

INVESTIGATE  ITS  MERITS. 

Ottr  ropreaantatiTe  vrlll  call  on  you  if  daalred. 
We  trade  out  old  machinaa  at  a  liberal  allowance. 


LOGAN-GREGG  HARDWARE  CO., 

General  Selling  Agents, 
125-131  SEVENTH  STREET,    •  PITTSBURG,  PA. 


POPE  CEfllENT  &  BRICK  COWPANY. 

421  Wood  Straet,  PITTSBURG,  PA. 


ALPHA  PORTLAND  CEMENT, 

CRUSHED  UGONIER  BLUE  STONE, 

FRONT  BRICK  AND  TERRA  COTTA. 


Td.pk™.{Mi™C<»d.j     P.&A.  {S( 


ffffffrfffffffffffrrfffrfrfrffffffffffffffffffrffffff 

\  A.  M.  CARRON  &  GO.  ""-„r..l!I?- 1 

^       High  Grade  Tool,  Special  and  General  Ligttt  Machine  Work.       ^ 

>  :i08    MARKET    STREET,    PITTSBURG,    PA.  ^ 


S.  DIESCHER  &  SONS, 

Consulting,  Mechanical  and  Civil  Engineers, 
Hamilton  Building.  PITTSBURG,  PA. 

IRON  AND  SIEEL  WORKS  KNO  GENERftL  MANUfACTURINfl  PLANTS. 


Buffalo  Engines 

FOR 

Electric  Lfght  and  Power  Service. 

TYPES 

For  All  Requirements, 

Compact,  Durable,  Ettlclent. 


BUFFALO  FORGE  CO. 

BUFFALO,   N.  Y. 

PlHiburgfa.S[6Fl 


JENKINS  STANDARD  '96  PACKING  .  .  . 

THE   PERFECTION   Or  JOINT   PACKING. 

Makes  perfect  joint  inetantl^  ;  does  not  have  to 
b«  followed  up.     Makes  joint  that  will  last  for 

Sian  on  all  pressures  of  steam,  oil,  acids,  etc- 
o«  not  rot,  DUin,  blow  or  squeeze  out. 

RECEIVEDTHE     OfylA  MoHqI  *T THE PAH-AMER. 
HIGHEST  AWARDUUIU  mBUdi  IGM  EXPOSITION. 

tniitt  an  hiiing  th(  Smulnt  Mtmpid  Mrith  Tradiiairil. 

JENKINS  Brothers,  new  tork,  boston,  pHruiDELPHiA,  chicaqo,  lonoon. 


VILSACK,  MARTIN  CO.,  Limited, 

Imnind  Bta-1  Work  for  Bulldlnga,  Iron  FenDiug,  Viia  and  OniiniiDlal  lion  Work  uid  Bridge  Buling. 

I,ong  Distance  Telephone,  C.  D.  &  P.  Fi«lt,  go.        P.  &  A.  Lawrence,  90. 

3228,  3228,  ANO  3230  PENN  AVENUE,  PITTSBURG,  PA. 


CXJNSULTINO  ENOINEBB. 

W.   W.    PATTB.N, 
Steam   and  Hot  ^Tater  Construction, 

Ofllcs  wllh  Ibe  ana  Compinj. 

Bell  Telspbone,  sa9  OnaU  P.  A  A,  Telepbone,  DSB  Main. 

Q09— qii  l.lt>erty  Street.  ......  IsiT-rsBURQ,  PA. 

Pluu  mod  Ettlmata  romlibed.    Job  Work  Fromptif  Attended  To. 


Box    54.  CRAFTON,  PA.       B«ll  Phone  212. 

Drft«rlngs  and  DssIehs  for  All  Classes  of  Mkchinory  Furnished 

and  the  Superintending  of  Construction  LooRed 

After  When  Desired. 

OFFICE.    WARKHN    STREET,    CRAFTON,    PA. 


MORSETWISTDRILL&  MACHINE  COMPANY, 

New  Bedford.  Mass.,  U.  S.  A. 


Incrtue  and  Conitont  Angit  Iwlit  Drill*.  Bit  Point  and 

Hollon  Qrillalor  deep  ilrldlng  or  long  hale>,  Orilli  «. .  _ , 

Drllla,  Drllla  olHi  oil  halea,  Tiner  Sauara  Shank  DrHIt,  Cantor  OriHa,  Stralghtniy 
Orilli,  Wlra  DrlTli  and  man,  other  klndi. 


ROeeRT  W.  HUNT  &  CO. 

Bureau  of  Inspection,  Tests  and  Consultation. 


CHICAGO; 

-INSPECTION  OF— 


Ratte  and  Futentngi,  Eledrtcal  Equiptneat,  C»n,  Locomottvea,  Pipes.  VUcbhery,  Etc. 
BtidgM)  Building*  and  other  Structures. 


THE  S.  R.  SMYTHE  COMPANY 

HOUSE  BUILDING,  PITTSBURG,  PA.    . 

Engineers  and  Contractors 

Regenerative  Gas  Fnrniioes,  Open  Hearth  ''St«el  Tube" 

Rolling  Mil  la  and  Gas  Furnaces  Complete. 

Smytho  Gas  Prodnoers— Three  Types— Most  Advanced  and  Uneqnaled. 

Steam  and  Hydraulic  Machinery,  "Buildings,"  &o. 

NOTE-OVER    200    PLANTS    BUILT   AND    IN    OPERATION. 


Akron  Invertible  Motors  i  Generators 


Espiclally  adiptid 
tor  mill  lort 

Can  be  placed  on 
Floor,  Wall  or  Cell- 
i  n  g  without  any 
change  whatever 
In  machine. 


Open, 

Semi-enclosed 

Enclosed. 
Simple, 
Efficient, 
Duralile. 


AKRON  ELECTRICAL  MFG.  CO. 

PITTSBURG,  PA. 
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Chester  B.  Albree  Iron  Werks. 

STRUCTURAL  IRON  WORK. 

BRIDGE  RAILINGS. 

IRON  AND  STEEL  FORGINGS. 

PITTSBURGH  PNEUMATIC  RIVETERS. 

Sole  Manufacturers  of  the  THATCHER  CONCRETE  BAR. 

Ills  to  1131  Market  Street, 

ALLEGHENY,    PA. 


H.  C.  EVERT  &  CO., 

PATENT  LAWYERS. 


HIGH  CLASS  WORK  GUARANTEED. 


OUR  INVENTORS'  GUIDE 
MAILED  FREE. 


WASHINGTON  OFFICE, 

616  NINTH  STREET,  N.  W. 


PITTSBURG  OFFICE, 

305  SMITH  FIELD  STREET. 


ARE  YOU  A  RENT  SLAVE? 

Bring  me  a  few  $100.00  and  the  balance  in  easy  monthly  payments  and  I 
will  sell  you  a  home  on  the  beautiful  Hill  Top,  healthy  and  only  15  minutes 
to  the  business  centre. 


$ioo  to  $uooo 

Take  any  Hill  Top  Car  Until  Tunnel  Is  Completed.  BEST  49F  TERMSm 

r\  A  PO  11^  ^^  Washington    Avenue, 


"SUPERIOR  GRAPHITE  PAINT" 

For  Steel  Bridges  and  Buildings,  Boilers*  Stacks,  Etc 

MANUFACTURED   ONLY    BY 

Detroit  Graphite  Mfg.  Co., 

DETROIT,  MICH. 

NEW  YORK.  BOSTON.  CHICAGO. 


OFFICES 

■Mm 

■■k 

WORKS. 

^ 

Stevenson 

P^ 

BSH 

Salina,  Pa. 

Building. 

^^^ 

SB 

W.  P.  R.  R. 

JVUnuf^cturers  of 

SKLINM 

BRICK. 

EITHER  PHONE  1131. 

PITTSBURGH.  PA. 

^ 

THIS  METAlllG  FOUR-WAY  VAIVE  HAS 
THE  WORLD'S  RECORD 

For  durability  ae  well  aa  efficiency  of  work  per- 
formed, the  makere  having  demonstrated  to  one 
patron,  in  four  years'  use, 

9,125,000  TURNS  OF  THE  PLUG. 

HOMESTEAD  VALVE  MFG.  GO. 

107  WOOD  ST.,  PITTSBURG,  PA. 
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lOR  Twenty-three  Years  we   have 
been  engaged  in  the  equipment 

of  Rope  Haulage  Plants.      Our 

Engines  are  running  in  the  various  coal 

■ 

regions  of  the  country,  under  widely 
different  conditions,  and  have  been  sub- 
ject to  every  possible  test,  but  have 
always  given  universal  satisfaction.  In 
many  instances  they  have  been  doing 
double  the  work  guaranteed,  and  wher- 
ever we  have  installed  plants  we  have 
had  satisfied  customers  to  whom  we 
will  be  pleased  to  refer  you. 


WRITE  FOR  PARTICULARS. 


Monongahela  Manufacturing  Go 

Engineers,  Coniraciors  and  Hachinlsis, 
MONONGAHELA,   PA. 
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IS  YOUR  BOILER  SICK? 

Does  it  foam  ?    Is  it  pitted  ?    Does  it  corrode  ?    Is  it  filled 

with  scale  ?    Are  the  valves  and  connections  leaking  ? 

Do  you  know  the  cause  of  these  troubles  ? 

Let  us  handle  the  case  for  you 

and    treat    it    with 

DEARBORN  BOILER  COMPOUND. 

Send  Sample  of  feed-water  by  prepaid  express  for  analysis  and 
report. 

Dearborn  Drug  &  Chemical  Works. 

WM.  II.  BDGAR,  Pres.       W.  B.  McVICKBR.  Second  Vice-Pres.  and  East.  Blgr. 
ROBT.  P.  CARR,  Vice-Pres.  and  Gen.  Mgr.        C.  M.  EDDY,  Sec.  and  Treas. 

Manufacturing  and  Analytical  Chemists. 
Chemical  Engineers. 

W.  A.  CONVERSE,  Directing  Chemist 
ROBT.  W.  FRANCIS,  Directing  Engineer. 

LABORATORY  AND  WORKS  :    CHICAGO. 

NEW  YORK,  120  Liberty  Street.  CHICAOO,  27-34  RIalto  Buildliig 

BRANCH  OFFICES  : 
A.  W.  CROUCH.  206  House  BulldlnfiT.    -       -       -     PITTSBURGH »  PA. 

Dan  Dflaney.  Mantoer 1103  Uniofi  Trust  Building Ciaciiiiiati,  0. 

Frank  lardley.  Mtntgtr 502  Security  Buildlns St.  Louit.  Ho. 

C.  N.  Everett.  Mtneger 411  Prudential  Building Atlanta,  6a. 

T.  V.  Regan.  Manager 401  Carondelet  Street Hew  Orteaiit,  La. 

T.  S.  F.  Nayea,  Manager 1237  Lincoln  Avenue ~ St  Pom,  Woo. 

Qeo.  E.  Talcott.  Manager Ground  Floor,  Boston  Blodc Desvor,  Colo. 

Wm.  Lowrie.  Manager 307  North  Los  Angeles  Street ~ Los  Angalos,  Cal. 

Walter  A.  Kenney.  Manager 7  HNts  BulMing ~ San  FrsncisGo,  CaL 

Edward  C.  Brown,  Manager 8  and  9  Brewer  Blooli NoaoMa,  N.T. 
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Pittsburg  Shear  Knife 
and  Machine  Company, 


PITTSBURG. 


Manufacturers  of 


YOUR 
INQUIRIES 

ARE 
SOLICITED. 


Pipe  and  Boiler 
Ceverings : 


Lrarge  Contract  work 
a  specialty.     0      0 

Our  work  in  Pitts- 
burg speaks  for  it- 
self.    0      0      0      0 

H.  L  Childs  &  Co.. 

Geo.  A.  Schmidt,  Mgr., 


249  Water  St., 


Pittsburg,  Pa. 


INSPECTION  OF  MATERIAL- 


SUPERINTENDENCE. 


REPORTS. 


J.  H.  MiLHOLLAND, 

Civil  Engineer. 

413  FOURTH  AVENUE,  PITTSBURGH,  PA. 

/bell 

(BELL 


Surveys.  Plans  and  Estimates 
FOR  Mines.  Railroads.  Street  Car  L.ines. 


TEL.PHONE 


afi49  COURT. 
fiOe-6  WKBQ. 


//  You  Want  a  Piano, 

Ptionofirrapti.  Guitar,  Violin.  Music  Box  or  any  musical 
instrument,  call  on  us  before  buying.  We  tiave  tbe 
largest  stock  at  lowest  prices. 

H.  KLBBBR  &  BRO.,  LTD., 
Fifth  Avenue,  Pittsburf^. 


LIGGETT  &  GOEHRING, 

Real  Erstate 
Brokers, 

417  Fourth  Avenue,        Pittsburgli«  Pa. 


Manufacturing  Sites.  Coal  and 
Timber  Properties  In  Pennsyl- 
vania, Virginia  and  Ohio. 

Tdephoaes:    Bell.  3756  Court. 

P.  &  A.,  isia  Main. 
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The  Expanded  Metal  Fire  Proofing  Co. 

of  PITTSBURG. 

54t  Wood  Street,  Bank  of  Commerce  Buildingf* 

Armoured  Steel  Concrete  for  Fire  Proofing, 
Bridge  Floors  and  Factory  Buildings,  Foun- 
dations— all  Classes  Concrete  Construction. 


J 


ESTABLISHED  1842.    PITTSBURGH  IRON  ft  WIRE  WORKS. 


C.  D.  &  P.  T.  635  Coun. 
P.  k.  A.  1210  Main. 


TAVUOR.  &  DEAJN^ 

MANUFACTURERS  OF  ORNAMENTAL  IRON  AND  WIRE  WORK. 


ARTISTIC  GRILL  WORK  IN  IRON  AND  BRASS  FENCING, 
IRON  STAIRS,  IRON  SHUHERS  AND  CELLAR  DOORS,  ELEVATOR  ENCLOSURES,  WIRE  DOOR 
AND  WINDOW  SCREENS,  ALL  KINDS  OF  WIRE  CLOTH,  LOCOMOTIVE  STACK 
NEHING.    AUTOMATIC  FIRi  EXilNGUISHERS. 

FA CTORIES :    201  to  205  Market  St.    2418  to  2420  Venn  JiVe. 
GENERAL  OFFICES:    Market  St.,  PITTSBURGH,  PA, 


MESTA  MACHINE 


MANUFACTU 


OF 


CORLISS  ENGINES.         SAND.  CHILLED  AND  STEEL  ROLLS. 
BLOWING  ENGINES.       MACHINE-MOLDED  GEARS. 


STEEL  CASTINGS.       ROLLING  MILL  MACHINERY. 


PITTSBURG,  PA. 
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INDEX  TO  ADVERTISERS. 


Akron  Electrical  Mfg.  Co ^JS6 

Albree,  Chester  B 39 

American  S*wer  Pipe  Co 27 

American  Tin  Plate  Co 50 

Anchor  Eng.de  Mach.  Co.  (cover) 8 

Ash  worth,  D 28 

Atlas  Portland  Cement  Co il 

Aultman  <b  Taylor  Machinery  Co .22 

American  School  of  Correspondence 25 

American  Stoker  Co. 32 

Asphalt  Rubber  Paint  Co 18 

Baird  Machinery  Co 6 

Baker  Mfg..  Co.,  J.  H 9 

Barr.  J.  Carroll 23 

Bindley  Hardware  Co .21 

Bragdon,  J.  C 36 

Brush  &  Stephens 32 

Buente,  Martin  &  Co 4 

Buffalo  Forge  Co 36 

Brooks  A  Co.,T.  H 30 

Beutner.  Victor 20 

Cadman  Mfg.  Co.,  A.  W 4 

Carron  &  Co.,  A.  M 36 

Carter  Electric  Co 28 

Central  Expanded  Metal  Co 46 

Chaplin,  Fulton  Mfg.  Co 14 

Chautauqua  Photographic  Co 5 

Childs  &  Co.,  H.  L 43 

Cooper  Co.,  C.  &  G.,  The 26 

Colonial  Steel  Co 30 

Cleveland  City  Forge  &  Iron  I  o 20 

Carey  Mfg.  Co.,  Philip 2 

Davison,  N.C.  (cover).- 2 

Dearborn  Drug  <&  Chem.  Co 42 

Detroit  Graphite  Mfg.  Co 40 

Diescher  <&  Sons,  8.. 36 

Dravo,  Doyle  &  Co 6 

Duff  Fbtents  Co. 30 

Dunn  Mfg.  Co 9 

Eagle  Tool  &  Machine  Co 9 

Eichleay,  Jno.  Jr.  Co. 24 

Elliott  Electric  Blue  Print  Co 7 

Enterprise  Contracting  Co 28 

Erikson,  Edw.  E 4 

E'erson,  B.  M 33 

Evert  &  Co.,  H.  C .39 

Expanded  Metal  Fireproof  Co 44 

Fawcns  Machine  Co 12 

Fisher,  D.  A 37 

Fischer  Foundry  &  Machine  Co 26 

Franklin,  C.  W 12 

Frlck  &  Lindsay  Co 2 

Follman  Co.  The 28 

Garrison  Foundry  Co  ,  A 26 

Hall  Steam  Pump  Co 6 

Harris  <&  Son,  Wm 9 

Harrison  Safety  Boiler  Works,  (cover) 4 

Heating  Ventilating  Fdry.  Co, 10 

Hill  &  Co..  W.  S 31 

Homestead  Valve  Mfg.  Co 40 

Howe,  D.  M 21 

Huber  &  Co.,  S.  V 9 

Hunt  <&  Co.,  Robt.  W 88 

Hunter,  R.  F 30 

Hyndmasi,  N.  P 7 

Hyde  Bros.  &  Co..... 1 

Iron  City  Engineering  Co 29 

Jenkins  Bros 87 

Jones  «b  Co.,  D.  P 20 

Kleber  A  Bro.  Ltd.,  R 43 

Kratzer  <b  Co.,  W.  N ...40 

Kier  Fire  Brick  Co 40 

Keystone  Electrle  Co 17 


Lagonda  Mfg.  Co.,  The 16 

Lamond.  David 30 

Leschen  &  Sons,  A.  Rope  Co., 27 

Liggett  <&  Gk)ehring 43 

Logan-Gregg  Hardware  Co 36 

Lufkln  Rule  Co 20 

Lunkenheimer  Co..  The  (cover) 2 

Main  Belting  Co 15 

Mdsta  Machine  Co 44 

MilhoUand,  J.  H 43 

Mfgrs.  and  Producers  Supply  Co 5 

Monarch  Iron  &  Steel  Co.  (cover) 2 

Monongahela  Mfg.  Co 41 

Monongahela  Tube  Co J39 

Morse  Twist  Drill  &  Machine  Co 37 

McCUntock  &  Irvine  Co. , 3 

McLaiu  &  Son,  E.  S .25 

McCormick,  J.  A 23 

Mcllwain  &  Co.,  J.  D 15 

National  Fire  Proofing  Co 17 

Otis  Elevator  Co.  (cover) 2 

Packard  Motor  Car  Co 6 

Patton,  W.  W 37 

Penua.  Electric  &  Ry.  Supply  O) i3 

Penna.  Smelting  Co 22 

Petroleum  Iron  Works  Co 7 

Phillips  Mine  <fc  Mill  Supply  Co 8 

Pickering,  M.  H 21 

Pgh.  Blue  Print  Co i7 

Pgh.  &  Buffalo  Co.,  (cover) 4 

Pgh.  Construction  Co 21 

Pgh.  Const.  &  Engr.  Co v 23 

Pgh.  Engineering  Co 12 

Pgh.  Feed  Water  Heater  Co.,  (cover) 4 

Pgh.  Mfg.  Co 14 

Pgh.  Meter  Co 33 

Pgh.  Pattern  Co 32 

I^h.  Phonograph  Co 19 

Pgh. -Shear.  Knife  &  Machine  Co 4« 

Pgh.  White  Metal  Co 24 

Porter  Co.,  H.  K 26 

Pope  Cement  <&  Brick  Co 36 

Potts,  O.A : 39 

Rawsthome  Engr.  Co.,  Robt. 28 

Real  Estate  Trust  Co 23 

Riter-Conley  Mfg.  Co 18 

Scaife  <&  Co.,  Oliver  P 25 

Seaman-Sleath  Co 18 

Scientific  Materials  Co 19 

Sheeler,  H ..^i 

Smith  Co..  Chas.  G 32 

Smythe.  The  S.  R.  Co 38 

Somerville  Engineering  Co ^ 12 

Sommerfeld  Machine  <&  Mfg.  Ck) 46 

Stevens  Chair  Company 23 

Stieren  Co.,  Wm.  E. 14 

Stowe-Fuller  Co.,  The 28 

Sullivan  &  Co.,  Edw.  S 26 

Swensvon,  Emil .,  9 

Taylor  &  Dean .'. 44 

Taylor.  Wilson  &  Co i9 

Todd  Co.,  The  William 17 

Tranter,  Davidson  Mfg.  Co ..24 

United  Engineering  <&  Foundry  C© 46 

United  States  Fire  Proofing  Co 20 

Vilsack,  Martin  &  Co.,  Ltd 37 

Warren  Electric  Co 21 

Westinghouse  Electric  &  Mfg.  Co 88 

Westinghouse,  Church  Kerr  &  Co 33 

Wiokes  Bros 27 

Wisconsin  Graphite  Co 34 

Westmoreland  Steel  Co. 28 

Worley  A  Co 46 


IntpacttDii   al    MMwUI,'   Uf       f        UffAlll   EfV     9     AA       EKImilti.  Borfnoi    *nd 

lX!''tT"'*-   "•■  "■  t"  WUHLtT  «  UU-  s™.^"""  •»'  ^""'■ 

ENGINEERS,  INSPECTORS  AND  SUPERVISING  ARCHITECTS 

1223-24  WBatlnahouma  BulldlnB. 
Bill  Phoni  I3i2  erMt.  PITTSBURGH,  PA. 


CENTRAL   EXPANDED    METAL    CO., 

(CHBSS  B ROUTERS.) 

Manufacturers  of  Bxpaxuled  \letal  for 

LATHING    AND    CONCRETE    BINDERS, 

541  Wood   Street,  PITTSBURGH. 


SOMMERFELD 
Machine  &  Manufacturing  Co. 

GLASS  WORKING  MACHINERY 

CUT  GEARS 

SPECIAL   MACHINES  DESIGNED  AND  BCLLT. 

Phones  1127  Court,  1118  Main. 

224  Third  Avenue,  PITTSBURG,  PA. 
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CLASSIFIED   LIST  OF  ADVERTISEMENTS. 


Ad^ertislnar  Aarentu 

W.  S.  Hill  &  Co. 
Air  Compressors. 

Hall  Steam  Pump  Co. 
Aluminiim  Babbit  Metal. 

A.  W.  Cadman  Mfg.  Co. 
Alominiiiii  Solder. 

Pgh.  Engineering  Co. 
Automobiles. 

_    Packard  Motor  Car  Co. 
Babbit  Metal. 

Manafactnrera'  &  Prodacera'  Supply 
Pgh.   White  Metal  Co.  °"*'P'y 


Co. 


Pgh.  Trust  Co. 
Real  Estate  Trust  Co. 
Beltlnar. 

Main  Belting  Co. 

Blast  Furnaces— Constraetlon. 

Dayld  Lamond. 

BUte,     Brown     A     Blaek     Prints     4 
Papers. 

Elliott  Electric  Blue  Print  Co. 
Blue  Print  Macblne. 

Pgh.  Blue  Print  Co. 
Boiler  Compounds. 

Dearborn  Drug  &  Chemical  Co. 
Boiler  Tubes. 

_    Monongahela  Tube  Co. 
Boilers. 

Wlckes  Bros. 

Aultman  &  Taylor  Machinery  Co. 

The  Petroleum  Iron  Works  Co. 
Braee— Trencb  Bxtensible. 

Dunn  Mfg.  Co. 
Brass  Castings. 
_^    A.  W.  Cadman  Mfg.  Co. 
Brick  Vitrified  Pavinir: 

American  Sewer  Pipe  Co. 
Buildlna^-Raiser  A  Ifi^ir. 

H.  Sheeler. 

Bulldlnvs— Steel. 

Rlter-Gonley  Mfg.  Co. 
Cables. 

A.  Leschen  &  Sons  Rope  Co. 
Cableways,  ^Wire  Rope. 

A  Leschen  <&  Sons  Rope  Co. 
Car  Dumps. 

J.  D.  Mcllwain  &  Co. 

Ca/Syigll^Sl.*^'"«"'«^^^^- 

Cement?*  ^*°®  *  ^*"  ®"PP'^  ^• 

Pope  Cement  Co. 

E.  S.  McLain  &  Son. 
_^  Atlas  Portland  Cement  Co. 
Cliemlcals. 

Sclentiflc  Material  Co. 
Cbemlsts. 

Dearborn  Drug  &  Chemical  Co. 

Civil  Bnvineevwinstrnments  A  Sun- 
plies.  «»«^- 

BUiott  Electric  Blue  Print  Co. 


Mansfield  Coal  &  Coke  Co. 
Coal  Cars. 

Co£^""^'  Mine  ft  MUl  Supply  Co. 

Pgh.  &  Buffalo  Co. 
Coal  A  Timber  Properties. 

^    Liggett  &  Ooehring. 
Colce. 

Pgh.  ft  Buffalo  Go. 


Contractors— General. 

Enterprise  Contracting  Co. 
Pgh.  Construction  Co. 

Contractors— Ulectrlcal. 

Iron  City  Engineering  Co. 

Carter  Electric  Co. 

The  Fullman  Co. 

Pgh.  Construction  ft  Eng.  Co. 
Contractors— stone. 

Buente.  Martin  ft  Co. 
Contractors— Structural. 

Hyde  Bros,  ft  Co. 
Contractors— Painting. 

D.  M.  Howe. 
Copper  Wire. 

H.  P.  Hyndman. 
Crushed  Stone. 

Pope  Cement  Co. 
Corliss  Bnvines. 

C.  ft  G.  Cooper  Co. 
Crucible  Steels. 

Westmoreland  Steel  Co. 
Drauvbtsman— Mechanical. 

D.  A.  Fisher. 

Drauarhtinv— Furniture. 

_    Wm.  E.  Stleren  Co. 
Drills. 

Morse  Twist  Drill  ft  MachineOo. 
Dynamos  A.  C.  A  D.  C. 

Iron  City  Engineering  Co. 

Blectrical  Apparatus. 

Westlnghouse  Blec'l  ft  Mfg.  Co. 
Blectrlcal  Supplies. 

Iron  City  Eng.  Co. 

Warren  ElecM  Specialty  Co. 

Penna.  Electric  ft  By.  Supply-  Co. 
Ele'rators. 

Otis  Elevator  Co. 
Bmerjr  "Wheels. 

Chas.  O.  Smith  ft  Co. 

Manufacturers*  ft  Producers'  Supply  Co. 
Bnarine  Builders.  *^*^^ 

The  William  Todd  ft  Co. 
Bnarines— Automatic  Slide  Values. 

N.  C.  Davison. 


C.  ft  O.  Cooper  Co. 

Mesta  Machine  Co. 

H.  K.  Porter  Co. 

Bnarineers— ConsultlMv   A    Construe, 
tion. 

Emll  Swensson. 
SommervlIIe  Engineering  Co. 
E.  E.  Erlkson. 
S.  V.  Ruber  ft  Co. 
W.  W.  Patten. 
Pgh.  Engineering  Co. 
Bnarlneers— Bridve  A  Structural. 

Emll  Swensson. 
Enarineers— ClT-U. 
J.  C.  Barr. 
R,  P.  Hunter. 
J.  H.  Mllholland. 
SommervlIIe  Engineering  Co. 
Emil  Swensson. 
Bnarlneers— Contractors. 
David  Lamond. 
Hyde  Bros,  ft  Co. 
Dravo.  Doyle  ft  Co. 
The  S.  R,  Smythe  Co. 
Bnarineers— Klectrlcal. 
Iron  City  Engineering  Co. 
WesUnghouse.  Chui^,  Kerr  ft  Co. 
Pgh.  Construction  ft  Eng.  Co. 
Bnarlneers— Heatlnv  A  Vemtllatlnv. 

Heating.  Ventilating  ft  Foundry  Co. 
Bnarineers— Mechanical. 
S.  Diescher  ft  Son. 
Victor  Buetner. 
David  Lamond. 
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B.  F.  Hunter. 
Hyde  Bros.  A  Co. 
D.  P.  Jones. 
O.  W.  Hnnt  CJo. 
W.  B.  Worley  &  Co. 

D.  Ashworth. 

E.  B.  Brikson. 

S.  y.  Hnber  A  Co. 

Westinghonse,  Church,  Kerr  &  Go. 

Honongahela  Mfg.  Co. 
BnariB^^rinflT  Scliool. 

American  School  of  Correspondence. 
Bnarlneera'    Supplies. 

Wm.  B.  Stleren. 
BnarntviBflrs— Half-Tone— "Wood    Cvts. 

Robt.  Rawsthome. 

J.  C.  Bragdon. 
Factories— Steel. 

Rlter-Conley  Mfg.  Co. 
Feed  IVater  Heaters  A  Purifiers. 

The  Petroleum  Iron  Wks.  Go. 

The  Lunkenhelmer  Co. 

Harrison  Safety  Boiler  Wks. 

Pgh.   Feed   Water  Heater  Co. 
Fencinar* 

Central  Expanded  Metal  Co. 
Fire  Briclc. 

The  Stowe-Fuller  Co. 

B.  S.  McLaln  &  Son. 
'  Kler  Fire  Brick  Co. 
Fire  Kscapes. 

Taylor  &,  Dean. 
Fire  Prooflnar. 

Expanded  Metal  Fire  Proof  Co. 

United  States  Fire  Proofing  Co. 

Nat.  ITlre  Proofing  Co. 
FororiBBTs. 

Chester  B.  Albree. 

Jas.  H.  Baker  Mfg.  Co. 

Wm.  Harris  &  Son. 
Founders  &  Maclilntsts. 

The  William  Todd  &  Co. 
Friction  Pnlleys. 

Chas.  G.  Smith  &  Co. 
Farnnce  Materials. 

The  Stowe-Fuller  Co. 
Fnrnitare— Honse. 

Stevens  Chair  Co. 

M.  H.  Pickering. 
Gas— Compressed. 

Oliver  P.  Scalfe  &  Co. 
Gas  Enarines. 

N.  C.  Davison. 
Gas  Meters. 

Pgh.  Meter  Co. 
Gas  Producers. 

Duff  Patents  Co. 

The  S.  R.  Smythe  Co. 
Gears. 

Fawcus  Machine  Co. 

Sommerfeld  Mach.  &  Mfg.  Co. 
Gear  Gnttinar* 

A.  M.  Carron  &  Co. 

Eagle  Tool  /k  Mach.  Co. 

Anchor  Bngr.  A  Mach.  Go. 
Generators    (Direct  Onrrent). 

Akron  ElecM  Mfg.  Co. 
Grease— Graphite  Grease. 

Wisconsin  Graphite  Co. 
Grinding  Machinery. 

Chas.  G.  Smi'h<&('o. 
Hard^vare— General. 

Logan-Gregg  Hardware  Co. 

Bindley  Hardware  Co. 
Hanlinv  A  Hoistinv  Btevinea. 

Monongahela  Mfg.  Co. 
Heatingr  A  Ventilatinv  Apparatus. 

Buffalo  Forge  Co. 

Heating,  Ventilating  &  Fdry.  Go. 
HitchinflTS— Mine  Gar. 

Wm.  Harris  &  Son. 
Hoistinar     A     Haulaare      Macbimerr« 


Trana'VFayfl  A  Wire  Rope. 

A.  Leschen  &  Sons  Rope  Co. 
House  Mo'rer  A  Raiser. 

H.  Sheeler. 

J.  Bichleay,  Jr.  Co. 
Illustrators  of  Ad'rertislnir* 

W.  S.  Hill  A  Co. 
Illustrations  for  Catalogue,  etc 

Chautauqua  Photographic  Go. 

W.  &  Hill  &  Co. 

Inspectors. 

Robt.  W.  Hunt  &  Co. 

W.  B.  Worley  &  Co. 
Iron  and  IVood  IVorlc  Maddnerj** 

Chas.  G.  Smith  &  Co. 
Iron  Worlc  Specialty. 

Anchor  Engineering  &  Mach.  Go. 

Vllsack,  Martin  Co.,  Ltd. 
flacks. 

J.  D.  Mcllwain  &  Co. 
iiaboratory  Supplies. 

Scientific  Materials  Co. 
liamps— Are  and  Inct. 

Warren  Electric  Co. 

Iron  City  Engineering  Go. 
Larry  'Waorons. 

Phillips  Mine  &  Mill  Supply  Go. 
Lead. 

Penna.  Smelting  Go. 
Locomoti'res— Manufacturers. 

B.  M.  Bverson. 

H.  K.  Porter  A  Co^ 
Lubricant— Graphite  Lubricant. 

Wisconsin  Graphite  Co. 
Bla  chin  cry— >NevF  A  Second-Han  d. 

B.  M.  Bverson. 
Machinery— Iron   A   Wood'VFOrlcinv* 

Baird  Machinery  Co. 

Machinery— Glass^vorlcinar* 

Sommerfeld  Mach.  &  Mfg.  Co. 
Machinery— 'Slectrical. 

Iron  City  Engineering  Co. 

Buffalo  Forge  Co. 

Warren  Blec'l  Specialty  Co. 

Tranter,  Davidson  Mfg.  Go. 

Keystone  Electric  Co. 
Machinery  Desiorners. 

Eagle  Tool  &,  Machine  Co. 
Machinery— Dealers. 

Dravo,  Doyle  &  Co. 
Machinists— General. 

Tranter,  Davidson  Mfg.  Go. 

Pgh.  Mfg.  Co. 

The  Fullman  Co. 

Taylor,  Wilson  ft  Co. 

Fawcus  Machine  Co. 

A.  M.  Carron  A  Co. 

Monongahela  Mfg.  Co. 
Machinists'  Supplies. 

Baird  Machinery  Co. 

Charles  G.  Smith  Go. 
Manufactory  Sites. 

Liggett  &  Goehring. 
Manufacturers— Rubber  Paint. 

Asphalt  Rubber  Paint  Co. 

The  McCIlntock  &  Irvine  Go. 
Metals. 

Pgh.  White  Metal  Go. 
Mill  Buildinor  Steel. 

Rlter-Conley  Mfg.  Go. 

Pgh.  Construction  Go. 
Mills— Rollinar. 

A.  Garrison  Fdry.  Co. 

Seaman,  Sleeth  Go. 

Mesta  Machine  Go. 

Mine,    Mill    A    Colcu   VTorUm    B««l»«. 

ment. 

J.  D.  Mcllwain  A  Co. 
Phillips  Mine  &  Mill  Supply  Go. 
Mlnlnar  Machinery. 

A.  Leschen  &  Sons  Rope  Go. 
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Motor  Caam. 

Packard  Motor  Oar  Oo. 
Motor  a—Bl  ectr  io. 

Akron  Blectrical  &  Mfg.  Oo. 

Iron  City  Engineering  Oo. 
Musical  Instruments. 

H.  Kleber  &  Bro.,  Ltd. 
Netrspaper  Advertislnar* 

W.  a  Hill  A  Co. 
Ornamental  Iron  'Works. 

T.  H.  Brooks  &  Oo. 

W.  N.  Kratzer  ft  Oo. 

Taylor  &  Dean. 

Paclclnflr. 

Jenkins  Bros. 

A.Leschen  <&  Sons  Rope  Co. 

Penna.  Electric  &  By.  Bnpply  Oo. 
Paint— Aspl&altnm. 

The  McOllntock  &  Inrine  Oo. 
Paints— Grapbtte  Paints. 

The  McOllntock  ft  Irvine  Oo. 

Wisconsin  Graphite  Oo. 

W.  N.  Kratzer  ft  Oo. 

Detroit  Graphite  Oo. 
Paints— Dry,     Paste,     Ready     Mixed, 
Oxide  of  Iron  Paints. 

The  McOllntock  ft  Irvine  Oo. 

Wisconsin  Graphite  Oo. 
Paint  Mannfaetnre. 

The  McOllntock  ft  Irvine  Oo. 

Detroit  Graphite  Oo;     ^ 

Asphalt  Rubber  Paint  Oo. 
Paint— Iron. 

The  McOllntock  ft  Irvine  Oo. 
Patents. 

H.  C.  Evert  ft  Oo. 
Pattern  Makers. 

Brush  ft  Stevens. 

Pittsburgh  Pat  em  Co. 
Phonoffraplis. 

Pittsburgh  Phonograph  Co. 

H.  Kleber  ft  Bro. 
Photoorraplty— Commercial. 

Chautauqua  Photographic  Oo. 
Pipe  Covering. 

Philip  Carey  Mfg.  Co. 

H.  L.  Chllds  ft  Co. 
Pipe  and  Fittings. 

Prick  &  Lliidsay  Co. 
Pipe  Joint  Paste. 

The  McOllntock  ft  Irvine  Oo. 

Wisconsin  Graphite  Co. 
Pipe  Machinery. 

Taylor,  Wilson  ft  Oo. 
Pipe— Sewer  A  Cnlvert. 

American  Sewer  Pipe  Oo. 

The  McOllntock  ft  Irvine  Oo. 
Po'wer  Pumps. 

J.  A.  McCormlck. 
I'oirer  Transmission. 

A.  Leschen  &  Sons  Rope  Co. 
PrcMstirc  Reffnlators. 

Pittsburgh  Meter  Co. 
Printers. 

W.  S.  Hill  &  Co. 
Producers— Gas. 

Duff  Patents  Co. 
Pnlleyw. 

J.  D.  Mcllwain  &  Oo. 
I'nmps— Blectrical  Driven. 

Iron  City  Engineering  Co. 
Pnmps— Steam . 

Hall  Steam  Pump  Co. 
PnnipinflT  Machinery. 

Hall  Steam  Pump  Co. 
Pipe. 

Mouongahela  Tool  Co. 
Pitch. 

The  McCllntock  ft  Irvine  Co. 
^nnrrylnsr  Machinery. 

A.  Leschen  &  Sons  Rope  Co. 


Rail  A  Stmetnral  Material* 

Hyde  Bros,  ft  Oo. 
Real  Bstate. 

O.  A.   Potts.  ^       ^   M  .^    «i....ua 

Revnlators— Antomatie    Safety   voao 

Water,  ^ 

The  Chaplin-Fulton  Mfg.  Oo. 
Riveted  Pipe. 

The  Petroleum  Iron  Wks. 
Rivetinar  Machines. 

Chester  B.  Albree. 
Rooflnar  Tin. 

Philip  Carey  Mfg.  Oo. 

American  Tin  Plate  Oo. 
Rolls  A  Pinions. 

Seaman,  Sleeth  ft  Oo. 
Rolling  Mill  Machinery. 

Fisher  Foundry  ft  Machine  Oo. 

Pittsburg  Shear  Knife  ft  Mmch.  Oe. 
Rope. 

Frick  ft  Lindsay  Co. 

A.  Leschen  ft  Sons  Rope  Co. 
Rope— Wire. 

Frick  ft  Lindsay  Co. 

A.  Leschen  ft  Sons  Rope  Co. 

N.  P.  Hyndroan  ^   , 

Rail  A  Structural  Material. 

Hyde  Bros,  ft  Oo. 
Safes— Steel  Fire  Proof. 

0.  W.  Franklin. 
Sand  ChUled  and  Steel  Rods. 

United  Engineering  ft  Foundry  Oo. 
School  of  Bnarineerinar. 

American  School  of  Correspondence. 
Scientillc   Apparatus. 

Scientific  Materials  Co. 
Screens.  .     ^ 

Phillips  Mine  ft  Mill  Supply  Oo. 
Screen inor  Plant  Complete. 

Phillips  Mine  ft  Mill  Supply  Oo. 
Shafting. 

Monarch  Iron  ft  Steel  Co. 

Shear  Knives. 

Pittsburg  Shear  Knife  ft  Macb.  Co. 

SideTralh  Liorhts. 

T.  H.  Brooks  ft  Co. 

Steel  Rolls.  .       «   ™       ^       ru. 

United  Engineering  ft  Foundry  Oo. 

Steel  Tapes. 

Lufkln  Rule  Oo. 

Stand  Pipes. 

The  Petroleum  Iron  Wks.  Co. 

Steam  Specialties. 

The  Lunkenhelmer  Co. 
Steam  A  Oil  Separators  ••Cochrane.' 

Harrison  Safety  Boiler  Wks. 
Steam  A  Gas  Bngpiaes. 

Westinghouse   Machine  Co. 
Steam  and  Hot  Water  Construction. 

W.  W.  Patten. 
Steam  or  Po^fver  Actuated. 

Hnll  Steam  Pump  Co. 
Stacks.  ,^ 

The  Petroleum  Iron  Wks.  Co. 
Smoke— Consumer. 

American  Stoker  Co. 

Stokers. 

American  Stoker  Co. 

Aultman,  Taylor  Mach.  Co. 
Storage  Batteries. 

Pgh.  Engineering  Co. 
Structural  Iron. 

Monarch  Iron  ft  Steel  Co. 
Structural  Iron  IVorks. 

Chester  B.  Albree. 

T.  H.  Brook.<i  ft  Co. 
Structural  Steel. 

John  Elchleay,  Jr.  Oo. 


Oliver  P.  Bcalfe  A  Oo. 
Tbe  Petroleum  tnin  Wki.  Oo. 
Tiipeii — Steel. 

Lufkln    Rule    Co. 

fbe  McCUatttck  &  Irvine  Oo. 
Tbf  Fell  and  Rooflngr. 

The  McClEntock  ft  Iirlde  Oo. 
Tile-  -  -  ~    *- 


d  States  Fire  Fraoflng  Co, 


Pgh,  Engineering  Co. 

Colonial  Steel  Co. 
Trade — Pnper  AdTerllalns. 

w.  a.  Hill  ft  Co. 

Iron  City  HDglneerlns  Oo. 
TrannltB,  Levela,  etc. 

Elliott  Electrl<^  Blue  Print  Co. 


Laioniii 

Cleveland  Cltf  Force  A  IiOD  Co. 

Logan-OreBK  Hardware  Co. 

The  LnnkeDhelmer  Co. 

Jenkins  Broi, 

Homestead  Valve  Ulg.  Co. 

Edwin  L.  SuMlTaa  Co. 
Water  Hetem. 

Pittsburgh  Meter  Co. 
Water  Tube  Boll  en. 

N.    C.    DHTlHon. 

W I  ekes  Bros 
Wire  Cord. 

A.  LeicheL  &  Sods  Rope  On 
Wire  Rove  Plttlnsa. 

A.  Leuben  ft  Sona  Bope  Co. 
Wheel*,  HoDd  Push  aoa  Mine  Tar. 

J.  D.  Mcllw^n  A  Co 
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